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1571 ABsIlucr 
The present invention is directed to 5-HT3 receptor 
antagonist compounds of formula I: 
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in which 
the dashed line denotes an optional double bond; 
nis1,2or3; 
p is 0, 1, 2 or 3; 
qisO,Ior2; . 
each Rt is independently selected from halogen, hy- 

droxy, lower akoxy, lower alkyl, nitro, amino, amino 
carbonyl, (lower alkyl)amino, di(lower alkyl)amino, 
and (lower alkanoyl)amino; 

each R2 is lower alkyi; and 
R3 is a group selectid from Formulae (a), (b), (c) and 
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in which 
uisoor1; 
z is 1, 2 or 3; and 
R4 is CI-7 a@% C3.B cycloalkyi, CM cycloalkyl-Cl-2 

afkyl, or a group (CH&Rs where t is 1 or 2 and Rs is 
thienyl, pyrrolyl, or finyl, each optionally further 
substituted by one or two substituents selected from 
Ct-salkyl, Ct&koxy, trifluoromethyl or halogen, or 
is phenyl optionally substituted by one or two substit- 
uents selected from Ctd alkoxy, tri!luorometbyl, 
hafOgen, nitro, carboxy, esterified carboxy, and Ct4 
rrlkyl optionally substituted by hydroxy, Ctd alkoxy, 
carboxy, ester&d carboxy or in vivo hydrolyzable 
acyloxy; and the pharmaceutically acceptable saIts, 
individual isomers, mixtwes of isomers, processes for 
preparation, compositions, and methods of use 
thereof. 
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TRICYCLIC SIT, RECEI’TOR ANTAGONISTS 
- . . 

Th& application is a continuation-in-part of copend- 
ing application, Su. No. 07/442,082, Wed Nov. 281989 
and now abandoned. 

FIELD OF-l-HE INVENTION 
This invention relates to novel compounds which are 

MST3 receptor antagonists, pharmaceutical composi- 
tions containing them and methods for their use and 
methods for preparing these compotmds. In particular, 
it relates to tricyclic S-HT3 receptor antagonists con- 
tainmg a bridged bicyclic amine substituent. The invcn- 
tion also relates to novel intermediates for making the 
S-ET3 receptor antagonists. 

BACKGROUND OF THE INVENTION 
Serotonin, a neurotransmitter with mixed and com- 

plex pharmacological characteristics, was shut discov- 
ered in 1948 and subsequently has been the subject of 
substantial research. Serotonin, also referred to as S- 
hydroxytryptaminc (S-HI-), acts both ceutrally and 
peripherally on discrete S-ET receptors. 5-H-T Recep- 
tors are presently delineated into three major subclas- 
sifications - S-HT1, 5-HT3 and MIT3 - each of which 
may also be heterogeneous. Receptors of the S-III-3 
subclass pervade autonomic neurons and appear to reg- 
ulate the release of a variety of neurotransmitters in the 
gastrointestinal, cardiovascular and central nervous 
systems. 

S-H-l-3 receptors are located in high densities on neu- 
rons associated with the emetic reflex and drugs which 
block the interactions of serotonin at the S-H-l-3 receptor 
level, i.e., 5-HI3 receptor antagonists, possess potent 
antiemetic properties. Such antagonists demonstrate 
utility for counteracting the emetic effects of cancer 
chemotherapy and radiotherapy (see Drugs Acting on 
5-Hydroxytryptamine Receptors: The Lcncer Sep. 23, 
1989 and refs. cited therein). 
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Functional bowel disorders are prevalent in much of 
the industrialized world. Chronic gastroesophageal 
reflux disease alone may be present in as much as 15% 
of the population. Use of prokinetic agents is one of the 43 
most effective methods known for treating such disor- 
ders. Because many 5-HT3 antagonists possess proki- 
netic properties and are relatively free from side effects 
they are particularly useful in the treatment of gastroin- 
testinal diseases (see Reynolds R. C. Prokinetic Agentsz ~0 
A Key in the Future of Gastroenterology. Gannrnter- 
orogV Chits of North America 1989. 18,437-W). 

5-HT3 receptors are present in those areas of the bmin 
which cmtrol mood, emotion, reward and memory. 
S-HT3 receptor antagonists reduce mesolimbic dopa- 6s 
mine levels, a necesmry property for antipsychotic 
activity. Such antagonists also increase cholinergic tone 
in the limbic-cortical region, which may explain their 
cognitive enhancing effects. In addition, S-HT3 antage 
nists possess anxiolytic properties, demonstrate poten- 60 
tial for use *m the treatment of dependency disorders and 
are under investigation in patients with achixopluenia 
(see article from ?Xe Loncet previously cited). 

There is evidence that S-H-l-3 receptors mediate noci- 
captive input to afferent neurons (see Glaum, S.; proud- 65 
fit, H. K; Anderson, E. G. iVeamxi Len 1988.95.313). 
S-ITT3 antagonists may therefore be of value in the 
control of pain, particularly migraine (e Peatfield R; 

2 
Drugs and the Treatment of Migraine. Tnds Phor- 
mocoL Sci 1988,9, 141). 

The W-IT3 receptor antagonist ICS 205-930 inhiiits 
arrhythmias in a variety of animal models and exerts 
mixed class III and class I antlarrhythmic properties in 
ventricular myocytes (see Scholtysik, G.; imoto, Y.; 
Yatani, A; Brown, A. hi. L Phormacoil Ekp. Z%er, 1988, 
245,773 and references therein). S-ET3 antagonists may 
therefore be of use in treating or preventing arrhyth- 
mias. 

The disclosures of these and other documents re- 
ferred to throughout this application, e.g., in the Pbar- 
macdogy section of the Detailed Description of the 
Inventiou, are incorporated berein by reference 

SUMMARY OF THE INVENTION 
The fm aspect of this invention is the compounds of 

Formula I: 

& R3 
I 

in which 
the dashed line denotes an optional double bond; 
nisl,Zor3; 
p is 0, 1.2 or j; 
q is 0,l or 2; 
each Rt is independently selected from halogen, hy- 

droxy, lower alkoxy, lower aJky1, uitro, amino, amino 
carbonyl, (lower alkyl)amino, di(lower alkyI)amin~ 
and (lower alkanoyl)amino; 

each R* is lower alkyl; and 
R3is a group selected from Formulae (a), (b), (c) and 

@I: 
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in which 
3 

u is 0 or 1; 
z,is I,2 or 3; and 
R4 is Cl-7 alkyl, CES cycloalkyl, C>s cycloalkyl-Cl-2 

alkyl, or a group (CH&Rs where t is I or 2 and Rs is 
thienyl, pyrrolyl, or furyl, each optionally substituted 
by one or two substituents selected from C~~alkyl, CIA 
alkoxy, trilluoromethyl or halogen, or is phcnyl option- 
ally substituttd by one or two substituents selected from 
Ct4 alkoxy, trinuoromethyl, halogen, nitro, carboxy, 
esterified carboxy, and Cl4 alkyd optionally further 
substituted by hydroxy, (214 alkoxy, carboxy, esterified 
carboxy or in viva hydrolyzable acyloxy; and the phar- 
maceutically acceptable salts, individual isomers and 
mixtures of isomers thereof. 

A second aspect of this invention is a pharmaceutical 
composition containing a compound of Formula I in 
admixture with one or mort suitable excipitnts. 

A third aspect of this iuvtntion is’s method of treating 
diseases involving emesis, gastrointestinal disorders, 
CNS disorders, cardiovascular disorders or. paiu by 
administering a therapeutically effective amount of a 
compound of Formula 1 to a subject afflicted with such 
a condition. 
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A fourth aspect of this invention is the wmpouuds of 23 
Formula II: - 

in which n, p, CJ, RI. R2 and R3 are as defined for For- 
mula I, which are useful intermediates in preparing 
compounds of Formula 1. 

A fifth aspect of this invention are the processes for 
preparing compounds of Formula I and is set forth in 
the “Detailed Description Of The Invention.” 

DETAILED DESCRIPTION OF THE 
INVENTION 

Definitions 
Unless otherwise stated, the foliowing terms used in 

the specification and claims have the meanings given 
below: 

*‘Alkyd” means a straight, branched. or cyclic satu- 
rated hydrocarbon radical having from one to the num- 
ber of carbon atoms designated. For example Cl-7 alkyl 
is alkyl having at least one but DO more than Seven 
carbon atoms, e-g., methyl, ethy1, i-propyl, n-propyl, 
n-butyl, cyclopropylmethyl, pentyl, cyclobuyl, bcptyl 
and the like. 

“AIkoxy” means the radical --OR wherein R is aikyl 
having from one to the number of carbon atoms d&g 
nated, c-g., G-t alkoxy includes, e.g., methoxy, ethoxy, 
~mpo~‘, n-propoxy. n-bntoxy, pentoxy, hexoxy and 

“Alkonyl” means the radical -C(O)R wberein R is 
aIky1 having from one to the number of carbon atoms 
designated, e.g., Cl-7 alkonyl iucludes ethauoyl, propan- 
0~1, i-butanoyl, n-butauoyl, pentanoyl, hexauoyl and the 
like. 

30 

35 

40 

45 

50 

55 

60 

65 

4 
“Lowtr” modifies alkyl, alkoxy and alkonyl and re- 

fers to those alkyl radicals or R groups in alkoxy and 
alkonyl radicals wntaining 1 to 6 carbon atoms. 

“Halogen” means fluorine, cblorint, bromine, or 
iodine. 

. “Esterifitd cm-boxy” means the ester group -COOR 
wherein R is Cl-8 alkyl. 

“In vivo hydrolyzable acyloxy” means a group 
--OC(O)R, wherein R is Cl.8 alkyl, capable of un’dergo- 
ing tnzymatic bydroIysis within a living organism. 

“Luwiug group” has the meaning conventionally 
associated with it in synthetic organic chemistry, i.e., an 
atom or group displaceable under alkylating conditions, 
and includes halogen and alkane- or arenesulfonyloxy 
such as mcsyloxy, cthanesulfonyloxy, bcxuencsul- 
fouyloxy, tosyloxy and tht likt. 

“Aaim& includes bumans, non-human mammals 
(e.g., dogs, cats, rabbits, cattle, horses, sheep, goats, 
swine, and deer) and non-mammals (e.g., birds and the 
like). 

“Cytotoxk agents” include platinum antkncer 
agents such as cisplatin (cisdiamminedichloro- 
platinumL as well as non-platinum anti-cancer drugs 
such as cyclophosphzunidt (cytoxin), vincristrine 
(hrocristint), procarbazint (N-(1-mtthyitthyl>ci(2- 
mtthylhydrazino)methyl]benzamidt), methotrexatc, 
fluorouracil, mechlorcthamint hydrochloride (2- 
chloro-N-(2-chlorocthyl)-N-methylethanaruinc hydro- 
chloride), doxorubicin, adriamycin, dactinomyciu (ac- 
tinomycin-D) cytarabine, carmustine, dacarbazine, and 
others listed at page 1143 of the JmmoI of Ciintil On- 
c&gy 198% T(8): 1143. 

‘Disease” sptcificelly includes any unhealthy wndi- 
tion of an animal or part thereof and inchdts an un- 
healthy condition which may be caused by, or incident 
to, medical or vet&nary th&apy applied tb that animal, 
Lt.. the “side effects” of such theraov. Thus. “disease” 
h&e includes the emesis caused by &rapy &th agents 
having cmctogenic side effects, in particular by therapy 
for cancer, such as chemotherapy with cytototic agents 
and radiotherapy. 

“Em&s”, for the purposes of this application, will 
have a meaning that is broader than the normal, dictio- 
nary defiion and includes not only vomiting, but also 
nausea and retching. 

WptiomtP or ‘*optionally” means that the aubse- 
quently dtscribtd event or circumstance may or may 
not occur, and that the description includes instances 
where the event or circumstance occurs and instauces 
in which it does not. For example, “‘optional bond” 
mans that the bond may or may not be present and that 
the description includes both singlt bonds and doublt 
bonds; “optionatly wnvcrting a compound of Formula 
I to a corresponding pharmaceutically acccptablt aah” 
means that the conversion may or dy not be carried 
out in order for the process described to fall within tht 
invention, and the invention includts those processes 
wherein the compound of Formula I is converted to the 
salt and those processes in which it is not. 

“Pharmaceutically acceptable” means that which is 
us&l in preparing a pharmaceutical composition that is 
generally safe, non-toxic and neithtr biologically nor 
otherwise undesirable and includes that which is ac- 
ceptable for veterinary use as well as human pbarma- 
ctutical use. 

*Pharmaceutically acceptable salts” means salts 
which art pharmaceutically acceptable, as defined 
above, and which possess the desired pharmacological 
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activity. Such salts includ~acid addition salts formed 
with inorganic acids such as hydrochloric acid, bydro- 
bromic acid, sulfuric acid, nitric acid, phosphoric aoid, 
and thC like; or with organic acids such as a&c acid, 
propionic acid, hexanoic acid, beptanoic acid, cy- 5 
clopcntancpropionic acid, glycolic acid, pymvic acid, 
lactic acid, malonic acid, succinic acid, ma&c acid, ma- 
lcic acid, fumaric acid, tartark acid, citric acid, bcnxoic . 

6 

aoid, o-(4-bydroxyhcnxoyl)bentoic acid, cinnamic acid, 

dcsctibcd as the (RS)- or (&)-mixture thereof. Unless 
indicated othcrwisc. the description or naming of a 
particular compound in the specification and claims is 
intcndcd to include both individual enantiomers and 
mixtures, racemic or othuwisc, tbcrcof. Conventions 
for stercocbcrnical nomenclature, methods for the dc- 
termination of stercocbemistry and the separation of 
stercoisomers are well-known in tbe art (see diiussion 
in Cbaptcr 4 of “‘Advanced Organic Cbcmktry”, 3rd 

mandclic acid, methancsulfonic acid, etbanuulfonic 10 cdi. 
acid, 1,2,-ctbancdisulfonic acid, Z-bydroxyetbanaul- 

tton March, Jerry, John Wiley and Sons, New York, 

fonic acid, hcnzcncsulfonic acid p-oblorobmxcnaul- 
1985). 

fonic scid, Z-naphthalcncsulfonic acid, p-toluencsul- 
Certain compounds of Formulae I and II can exist as 

fonic acid, campborsulfonic acid, 4-metbylbicyclo[Z.Z.- stcrcoisomers. For cxamplc, certain compounds possess 

2]oct-2<ne-l-carboxylic acid, gluoohcptonic acid, 4,4’- 15 a cbiral center at tbe ring carbon of the Rs suhstitucnt 

methylcncbis(3-bydroxy-2+mc-l-carhoxvlic acid). E which is hondcd to the amide nitrogen and, when the 
’ acid,- tz;;iary 

. . . . . . . . . . . . - 
pbcnyIpropionic acid, trimctbylacetic optronat bona IS abscn~ at the 3a-posItion and therefore 

bntylacctic acid, laurel sulfuric acid, xhxmic aoid. can exist as (R)- or (S)-isomcm. In addition, certain 
compounds & m&t G  the (c&o)- or (cxofisomers, 
c.g, when the Rs suhstitucnt is l-axabicyolo[3.3.lJnon- 
Cyl. 

glu&ic acid, bydroxynaphthoic acid, kslicylic aoid, 
stcaric acid, muconic acid, and the like. 20 

In addition, pharmaceutically aoccptablc salts may bc 
formed when an acidic proton present is capable of 
reacting with inorganic or organic bases. Acceptable 
inorganic bases include sodium bydroxidc, sodium uu- 
bonate, potassium hydroxide, aluminum hydroxide and 25 
calcium hydroxide. Acceptable organic bases include 
ethanolamine, dicthanolamine, trietbanolaminc, tromc- 
thaminc, N-metbylglucaminc and the like. 

‘Therapeutically effective amount” means that 
amount which, when administered to an animal for 30 
treating a discasc, is suffkicnt to effect such treatment 
for the disease. 

‘Treating” or “trcatmcnt” of a disease includes: 
(1) preventing tbe disease from occurring in au animal 

which may hc predisposed to the discasc but does not 35 
yet expcricnce or display symptoms of the disease, 

(2) inhibiting the disease, i.e., arresting its devclopmcnt, 
or 

(3) relieving tbe disease, i.e., causing regression of the 
disease. 40 
Corn unds that have identical molecular formulae 

-fr - but dr er m  the natnrc or scqucncc of bonding of their 
atoms or in the arrangement of their atoms in space arc 
tcrmcd “isomers”. Isomers that differ in tbe nature or 
sequence of bonding of their atoms are tcrmcd “consti- 
tutional isomers”. Isomers that differ only in tbc ar- 
rangcmcnt of their atoms in space arc termed %terco- 
isomers”. Sttrcoisomcrs that arc not mirror images of 
one another arc tcrmcd “diasteromcrs” and stcrcoiso- 
mcrs that are mirror images arc tcrmcd “enantiomcrs” 
or sometimes “optical isomcm”. Stcrcoisomcrs tbat arc 
superimposable upon their mirror images are termed 
“achiral” and tbosc not supcrimposablc arc termed 
“chrial”. A car&m atom bonded to four diicrcnt 
groups is termed a “&id center” or akcmativcly an 
“asymmetric carbon”. 

When a compound has a chiral ccntcr, a pair of cnan- 
tiomcrs of opposite cbirality is possiile An enantiomer 
can be character&d by tbc absolute configuration of its 
cbird center and described by the R- and S-scqumoing 
rules of Cabn and Prclog (i.c, as @Q-  and (S)-iicrs) 
or by the manner in which tbc molecule rotates the 
plane of polarized light and dcsignatcd as dextrorota- 
tory or levorotatory (i.e., as (+)- and (-)-isomers, 
respectively). A chiral compound can exist as citbcr 
individual cnantiomcr or as a mixture tbcrcof. A mix- 
ture containing equal proportions of tbe cnantiomcrs is 
tameda “racemic mixture” or kccmatc” and may bc 

45 
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Wbm a compound of Formula I or II pomcmcs one 
chid center, a pair of enantiomcrs exists. Wbcn two 
cbiral centers arc present in a compound of Formula I, 
four separate stcroisomers exist (i.e., two separate pairs 
of cnantiomers). Wbcn a compound of Formula I pos- 
susu two chiral centers and can exist as endo or cxo, 
eight separate stcrcoisomcrs arc possible (i.e., two scpa- 
rate pairs of mantiomcrs in tbe cndo or cxo form). 

It is to lx understood that when refcning to Formula 
I, 11, (a), (h), (c) or (d) in this application, a straight line 
depicting the covalent bond between the Rssuhstitucnt 
and tbt amide nitrogen reprcscnts the possible gcomet- 
xic isomers and cnantiomers or tbc mixtures, raccmic or 
othcrwke, tbcrcof. Similarly, when rcfcrring to For- 
mula I in which the optionally bond is ahscnf a straight 
line depicting the covalent bond hctwccn carbons 3a 
and 4 reprcamts either the R or S configurations or a 
mixture raccrnic, or otbenvisc, tbcrcof. For purposes of 
tbc prcscnt application when referring to a compound 
by name or by formula and the configuration is not 
dcsignatcd, it is to be uudcrstood that the refcrcncc is to 
all possible forms. 

Certain Rs substitucnts dcscribcd in this application 
arc of particular interest and are tbercfore defined spc- 
CificaIly as tbc following: 

(1) Formula (b) where z is 2 and u is 0 having the 
specific formula 

N 

Ai9 

is referred to as I-axabicyclo[2.2.2]oot-3-yl; 
(2) Formula (b) wbcrc z is 2 and u is 0 having the 

spzcific formula 

N . . \ 0 
is referred to as I-arabicyclo[22.2]oct-4yl; 

(3) Formula (a) where z is 3, u is 0 and R4 is methyl 
having the specific formula 
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5 

IO 

is referred to as (endo)-9-methyl-9-ambicyclo[3.3.1]- 
non-3-yl; I5 

(4) Formula (a) where z is 3, u is 0 and R4 is methyl 
having the specitk formula 

m 

ti 

N 

?r 

25 is referred to as (exo)-1-axabicyclo[3.3.l]norr4yl. 

30 

is referred to as (exo)-9-methyl-9-axabicyclo[3.3.I]non- 
3-yl; 

(5) Formula (a) where z is 2, u is 0 and R4 is methyl 
having the specific formula 35 

/ 
CHt 

N 40 
- 

H 
45 

is refered to as (endo)&mcthyl-8cyclo[3.2.1]oct- 

(6) Formula (a) where z is 2 u is 0 and R4 is methyl SO 
J-9; 

having the specific formula 

H 

N 

t8 

is referred to as (endo)-l-axabicyclo[3.3.IJnon4yl. 
(8) Formula (c) wherein z is 2 and u is 0 having the 

specik formula 

Compounds of Formulae I and II arc named in actor- 
dance with generally acceptable nomenclature rules 
establiihed by “Chemical Abstracts.” For example, the 
compound of Formula I in which the optional bond is 
present, p, q and u are 0 and Rs is I-ambicyclo- 
[2.22]oct4yl: 

The compound of Formula II in which the optional 

2-(I-axabicyclo[2.2.2)oct4yl j1,2,4,5-tetrahydrocy- 
clopent~de]isoquinolii-I-one when n is 1; 

bond is present, p, q and u rue 0 and Rs is I-axabicyclo- 

2-(1-axabicyclo[2.2.2]oct4yl)-2,4,S,6tetrahydro-lH- 
benx[de]isoquinolin-l-one when n is 2; and 

[222]oct4yl: 

2-(axabiyclo[2.2,2]oct4yl)-l,2,4,5,6.7-hexahydrocy- 
clohept[de&oquinoIht-l-one when n is 3. 

is referred to as (exo)-8-methyl-8-azabicyclo[3.2.l]oct- 
3-Yk 63 

(7) Formula (c)wherein z is 2 and u is 0 having the 
specific formula 

isnamed 
N-(l-axabioyclo[2.2.2]oct4yl)4imia.ncarboxamide 

whennisl; 
N-(l-azabicyclof2.22]oct4y1)-5.6.7,&tetrahyl- 

naphthalenecarboxamide when II is 2; and 
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N-(l-atabicyclo[2.22]oct4yl~5,~7,8-~~~y~ 
9H-bcnxocyclohtptcn-l-carboxamide when n is 3. _ -, 

PRESENTLY PREFERRED EMBODIMENTS 
While the broadest definition of this invention is set 5 

forth in the summary of the Invention, certain com- 
pounds of Formulae I and II are preferred. For exam- 
ple, preferred compounds of Formula I arc chose in 
which both q and u are 0, p is 1, or 2, each Rl is iudcpen- 
dcntly selected from halogen, lower alkoxy or amino, IO 
and R4 is lower alkyl. 

Of particular interest are those compounds of For- 
mula I in which each p, q and u are 0, R4 is methyl, r@ 
R3 is one of the following groups: 
I-a.mbicyclo[2.2.2]oct-3-yk 15 
l-azabicyclo[2.2.2Joct4yk 

20 

cndo-P-methyl-9-axabicyclo[3.3.I)non-3-yk 
exo-9-mcthyl-9-axabicyclo[3.3.ljnon-3-yk 
mdo-8-methyl-8-axabicyclo[3.2.l]oct-3-yl; 
cxo-8-methvl-8-axabicvclo13.2Jloct-3-vk 
cndo-l-a&icyclo[3.3.-1 Jnoi4yi; or - ’ 
exe-I-axabicyclo[3.3.l]non4yl. 

Of most interest are the compounds of Formula I in 
which each p, q and u arc 0, and R3is 1-axabicyclo[2.2.- 
2]oct-3-y& in particular wherein one or. when present, 
both chiral centers possess S configurations. 

25 
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Preferred compounds of Formula II are those in 
which both p and q are 0, p is 0, 1, or 2, each R* is 
independently selected from halogen, lower alkoxy or 
amino, and R4 is lower alkyl. 

Of particular interest are those compounds of For- 
mula II in which each p, q, and u are 0, R4is methyl, and 
R3 is one of the following groups: 
I-azabicyclo[2.2.2]occt-3-yl; 
I-azabicycla-[2.2.2~oct-4-yi; 
cndo-9-methyl-9-axabicyclo[3.3.l]non-3-yl; 
exo-9-methyl-9-axabicyclo[3.3.1~on-3-yl; 
endo-8-methyl-8-aaabicyclo[3.2.l]oct-3-yl; 
exo-S-methyl-8-axabicyclo[3.2.1 Joct-3-yl; 
endo-1-axabicyclo[3.3.1 Jnon4yk or 
cxo-1-axabicyclo[3.3.l]non4yl. 

Of most interest are compounds of Formula II in 
which each p, q, and n are 0, and Rsis I-axabicyclo[2.2.- 
2&t-3-y& in particular the S-isomers thereof. 

11 is understood that these compounds of Formula II 
of special interest are particularly useful in the synthesis 
of preferred compounds of Formula 1. 

UTILITY 
Compounds of Formula I exhiit utility in treating a 

broad range of diseases in animals, particulariy humans. 
Examples of diseases that may be treated using the com- 
pounds of Formula I include em&s, gastrointestinal 
disorders, central nervous system (CNS) disorders, car- 
diovascular disorders or pain. 

Compounds of Formula I are useful in the prevention 
and treatment of em&s. Causes of such em&. include 
surgical aocsthesia, psychological stress, pregnancy, 
certain dii states, radiotherapy, radiation poisoning 
and toxic substances. Disease states which are known to 60 
induce cmesis include conditions such as gut ohstruc- 
tion, raised intracranial pressure, acute myocardii in- 
farction, migraine headaches and adrenal crisis. Toxic 
substances which induce em& include toxins in the 
form of abnormal metabolites or abnormal rrccumula- 6S 
tion of natural occurring substances associated with 
such conditions as hepatic coma, renal failure, diabetic 
kctoacidosis, hyperthyroid crisis, both hype- and hypcr- 
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parathyroidism and Addison’s disease. Em& may also 
be caused by ingested toxins, e.g., enterotoxins in sta- 
phylococcus-contaminatcd foods, or by drugs adminis- 
tered for therapeutic purposes, t.8, digitalis, emetine 
and chemotherapeutic agents. 

Compounds of Formula I are of particular value in 
treating (especially preventing) the em&s induced by 
radiation poisoning, treatment for cancer with radio- 
therapy or chemotherapy witb cytotoxic agents or drug 
therapy in general wherein a significant side effect is 
cmcsis, cg., amphotuicin B in treating immunosup- 
pressed patients, xidovudine (AZ’I-lin the treatment of 
AIDS and interlcukin in treating cancer. 

Compounds of Formula I are useful as prokinetic 
agents in the treatment of gastrointestinal dimascs, i.e., 
diseacs of the stomach, esophagus and of both the large 
and small intestines. Examples of specific d&cases in- 
clude, but are not limited to, dyspepsia (e.g., non-ulcer 
dyspepsia), gastric stasis, peptic ulcer, reflux csophagi- 
tis, flatulence, bile reflux gastritis, pseudo-obstruction 
syndrome, irritable coSon syndrome (which may result 
in chronic constipation and diarrhea), divcrticular dis- 
ease, biliary dysmotility (which may result in sphincter 
of Oddi dysfunction and “sludge” or microscopic crys- 
tals in the gall bladder), gastroparcsis (e.g., diabetic, 
postsurgical or idiopathic), irritable bowel syndrome 
amd retarded gastric emptying. The compounds of 
Formula I are also useful as short-turn prokinetics to 
facilitate diagnostic radiology and intestinal intubation 
In addition, the compounds are useful for treating diar- 
rhea, particularly diarrhea induced by cholera and car- 
cinoid syndrome. 

Compounds of Formula I are us&d in treating dis- 
cases of the central nervous system. Categories of such 
discascs include cognitive disorders, psychoss, ohscs- 
sive/compulsive and anxiety/depression behavior. 
Cognitive disorders include attentional or memory defi- 
cit, dementia states (including senile dementia of the 
Alrheimer’s type and aging), cerebral vascular de& 
cicncy and Parkinson’s disease. Psychoses that are treat- 
able using the -pounds of Formula I include para- 
noia, schizophrenia and autism. Obscssive/compulsivc 
behavior that is treatable using compounds of Formula 
I includes eating disorders, cg., bulimia, a condition in 
which an abnormal and constant craving for food is 
present. 

Representative, treatable anxiety/depressive states 
include anticipatory anxiety (e.g., prior to surgery, den- 
tal work, etc.), depression, mania, scaaonal affective 
disorder (SAD), and the convulsions and anxiety 
caused by withdrawal from addictive substances such as 
opiates, hcnxodiipinas, nicotine, alcohol, coca& and 
other drugs of abuse. 

Compounds of Formula I are useful in the treatment 
of cardiovascular d&cases. Such diseases include .ar- 
rhythm& and hypertension. 

It is thought that 5-HT3 antagonists prevent certain 
adverse nervous transmissions and/or prevent vasodila- 
tion and arc therefore of value for reducing perceived 
levels of pain. Compounds of Formula I are, thenfore, 
useful in treating pain such as that associated with cb- 
tcr headaches, migrainu, trigeminal neuralgia tmd vis- 
ceral pain (e.g., that caused by abnormal distension of 
hollow visceral organs). 

In snmtuary, an aspect of this invention is a method 
for treating an animal, particularly a human, exhibiting 
a dii involving err&s, a gastrointestinal disorder, a 
CNS disorders, a cardiovasctdar disorder or pain by 
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administering a tberaJxuticaliy effective amount of a 
compound of Formula I to such animaJ. 

. .\ I Pharmacology 
5-HT3 Receptor biuding afEnity is measured at 

S-I-IT3 receptors in membranes prepared from the cere- 
bral cortex of rat brains, an accepted in vitro assay (e.g., 
see KiJpatrick, G. J.; Jones, B. i.; Tyers, M. B. Nature 
1987. 330.24-3 lb -Ihe 5-Xl-3 receotor bindiina assay is 
de&bed’in Example 14. The corn-pounds of Formula I 
exhllit affinity for the S-I-IT3 receptor in this assay. 

S-ET3 receptor antagonist activity is measured by the 
ability of compounds to inhibit the VOII Buold-Jarisch 
refkx in anesthetized rats, an accepted in vivo assay 
(e.g., see Butler, A.; Hill, J. M.; IreGd, S. J.; Jordan, C. 
C.; Tylers, M. B. Brif. J. Phomucol; 1988,94.397-412; 
Cohen, M. L.; Bloomquist, W.; Gidda, J. S.; Lacefield, 
W. J PhwmacoI. Exp. Ther. 1989; 248, W-201; Fo- 
zard. J. R Arch PharmacoL 1984. 326. 36-441. The 
SIT3 receptor antagonist assay is &c&d in -Exam- 
ple IS. 

Anti-emetic activity is determined by measuring re- 
duction of cisplatin-induced emesis in ferrets, an ac- 
cepted assay (e.g., Costall, B.; Domeney, A. M.; Naylor, 
R. J.; Tattersa& F. D. Neurophunnocology 1986,25(8), 
959-961; Miner, W. D.; Sanger G. J. Brit. J. PhamwcoL 
1986, 88,497-499). The ferret, anti-emetic assay is de- 
scribed in Example 16. 

Anti-emetic activity is also determined by measuring 
reduction of cisplatin-induced em&s in dogs. an ac- 
cepted assay (e.g., see Smith, W. L.; Alphin, R. S.; 
3ackson. C. B.; SanciJio, L. F. J. Phann Pharmad 
1989, 41, 101-105; Gylys, J. A. Rex Commur~ Chem 
ParhoL PharmucoZ. 1979, 23(l), 61-68). The dog, anti- 
emetic assay is de&i in Example 17. 

Prokinetic activity is determined by measuring the 
rate of gastric emptying after oral administration of tcsl 
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Administration and PJmrmaceuticaJ Composition 
In general, compounds of Formula 1 will be adminis- 

tad iu therapeutically effective amowts via any of the 
usual and acceptable modes known in the art, either 
singly or in combiition with another compound of 
Formula I or with another thera~tic agent. A tbaa- 
pcutically efbtive amount may vary widely depcading 
on the severity Of Be disease, the age and relative bealtb 
of the subject, the potency of the compound used and 
other factors. TlmrapeuticaIly enictive am0u11ts of 
compounds of Formula I may range from approxi- 
mately 1.0 nanogram per Kg @g/Kg) body weight per 
day to 1.0 mg/Kg body weight per day. Preferably the 
amount will be approximately 10 @Kg/day to 0.1 
mgfXg/day. Therefort, a tJrerapeuticaUy Hectivc 
amount for a 70 Kg human may range from 70 &day 
to 70 mg/day, preferably 700 rtg/day to 7.0 mg/day. 

One of ordinary skilJ in the art of treatinn such dis- 
eases will be able, without undue experime&tion and 
in reliance upon personal knowkdgc and the disclosure 
of this appJic&ion, to arcer&n a tJmrapeut.icalJy eflec- 
the amount of a compound of FormuJa I for a given 
discas. 

meal to rats, an accepted in vivo assay (e.g., see Drop- 

la general, comJsounds of Formula 1 will be adminis- 
tered as pharmaceutical compositions by one of the 
following routes: oral, systemic (e.g., transdermal, intra- 
nasal or by suppository) or pareme& (e.g., intramuscu- 
lar, intravenous or subcutaneous). Compositions can 
take the form of tablets, pills, capsules, semisolids, pow- 
ders, sustained release fonnuJations, solutions, suspen- 
sions, eJixirs, aerosols, or any other appropriate compo- 
sition and are comprised of, in general, a compound of 
Formula I in combination with at least one pharmaceu- 
tically acceptable excipient. Acceptable excipients are 
non-toxic, aid administration, and do not adversely 
affect the therapeutic benefit of tbc compound of For- 
mula 1. Such excipient may be any solid, liquid, semi- 
solid or, in the case of an aerosol composition, gaseous . . . _. _. . pleman, D.; Gregory, R.; Alpbin, R. S. 1. PhannocoL 

Merhods 1980, 4(3), 227-30). Tbc prokinetic assay is 40 excipient that is generally available to one of skill in the 
described in Example 18. art. 

Anxiolytic activity is determined by the art-recog- Solid pharmaceutical excipimts i&Jude starch, ceJJu- 
nixed Crawley and Goodwin two-compartment explor- Jose, talc, glucose, lactose, sucrose, gelatin, ma& rice, 
atory model (e.g., see Kilfoil, T.; Michel, A.; Montgom- flour, chalk, silica gel, magnesium stearate, sodium stea- 
cry, D.; whiting, R L.; Neurophunnaco~o~ 1989,28(P), 45 rate, glycerol mooostearate, sodium chloride, dried 
901-905). In brief, the method involves determining skim milk, and the like. Liquid and semisolid excipicnts 
whether a compound reduces the naturaJ anxiety of may be selected from water, ethanol, glyoerol, propy- 
mice in a novel, brightly lighted area. The anxidytic lene glycol and various oils, including those of petro- 
behavior assay is described in Example 19. leum, animal, vegetable or synthetic origin (e.g., peanut 

Anxiolytic activity during withdrawal from drugs of 50 oil, soybean oil, mineral oil, sesame oil, etc.). Preferred 
abuse is determined by the mouse, witbdrawaJ anxiety liquid carriers, pruticufarly for injectable solutions, in- 
test, an accepted assay (e.g., see Carboni, E.;, Acquas, cludc wala, saline, aqueous dextrose and glycols. 
E.; Leone, P.; Perexxani, L.; Di Chiara, G. Eur. 1. Phur- cOmpressedgasesmaybeusedtod+ersethecom- 
mawZ 1988, 151, 159-160). TJris procedure utilizes the pound of FormuJa 1 in aerosol form. Inert gases suitable 
exploratory model: described above to test for anxiolytic 55 for this purpose are nitrogen, carbon dioxide, nitrous 
activity after chronic admirdstration and subsequent oxide, etc. Other suitable phaxmactutical carriers and 
abrupt cessation of ethanol, diaxepam, cocaine or nico- their fonmdations are described in A. R. Alfonso 1985. 
tine treniments. The withdrswaJ anxiety assay is de- Reminton’s PJmrmaceuticaJ Sciences. 17tb ed Easton, 
scribed in Example 20. Pa-: Mack Publishing Company. 

Cognition mhancing activity is determined by the 64 The amount of a compound of Formula I in the com- 
mouse, habituation/cognitive enhancement test (e.g., position IMY vruy widdy devtmdinn upon the tvoe of 
see Barnes, J. hi.; Cost&, B.; KclJy, hf. E.; Naylor, F. formuktion~ size bf a unit do&e. kin;l of excipi&& and ’ 
3.: Onaivi. E. S.: Tomkins. D. M.: TYUS. M. B. Br. J. other factors known to those of&ill in the art of &ar- 
Phormacok 1989; 98,693P). This pro&d&e utilixes the maccuticaJ sciences. In general, the final compoiition 
exploratory model descrii above to test for improve- 65 will compr5sc from 0.000001% w to 10.0% w of the 
merits in the impaired cognitive performance of aged compound of Formula I, preferably O.aooOl% w to 
mice. The cognitive enhancement assay is described in 1.0% w, with the remainder being the excipient or cx- 
Example 21. cipients 



13 
5,202,333 

Preferably the pharmaceutical composition is admin- 
istered in a single unit dosage form for continuous treat- 
ment or in a single unit dosage form ad libitum when 
relief of symptoms is specifically required. Representa- 5 
tive pharmaceutical formulations containing a corn- 
pound of Formula I are described in Example 13. 

Proceses for Preparing Compounds of the Invention IO 

Compounds of Formula I arc prepared by the reac- 
tion sequence shown below in Reaction Scheme I. 

1s 
SCHEME I 

25 

step 1 WL) 

P 40 
ClCNHR3 
Lewisacid .I1 

SteJg 

1. strong bu 
2. Dhlkylformmidc 

n 3.?3+ 

14 
-continued 

SCHEME I 

wa 
N’ 

+z+ 
m94 ~ mwti 

in which X is bydroxy, alkoxy or halogm and Y is 
hydrogen or X and Y together arc oxa, and II, p, q, RI, 
R2 and R3 are as defmed in the Summary of the Inven- 
tion with the processes applying particularly well to the 
presently preferred embodiments. 

Scheme I 
Compounds of Formula I are conveniently prepared 

by a two step synthesis comprising (1) convert& an 
acid or acid derivative of Formula III or a fused-ring 
bicyclic compound of Formula VI to a substituted 
amide of Formula II and (2) reacting the amide with a 
formykting agent in the presence of a strong base and 
tha acidifying to form a compound of Formula L4 (a 
compound of Formula I in which the optional bond is 
present). Compounds of Formula IB (compounds of 
Formula I in which the optional bond is absent) are 
subsequently prepared by reduction. 

Compounds of Formula II are prepared by reacting a 
compound of Formula III with a substituted amine of 
the formula NHzRJ in which Rs is as defmed in the 
Summary of the Invation. Reaction conditions are 
those standard for amide formation (e.g., see J. Ad: 
vanced OrganicSynthesis March 1985,3rd Ed., 370-376). 
Generally the reaction is carried out at 20’ C. to 200’ C., 
preferably - lo‘ C. to 20’ C., and ambient pressure for 
0.5 to 3 hours in a suitable inert organic solvent (e.g., 
methykne chloride, II-IF and toluene). The conversion 
of a compound of Formula III in which X is ethoxy to 
the corresponding amide of Formula II is described in 
Example 2. The conversion of a compound of Formula 
III in which X is hydroxy to the corresponding amide of 
Formula II is described in Exampk 3. The conversion 
of a compound of Formula III in which X and Y to 
gethn are 0x0 to the corresponding amide of Formula 
II is descrii in Example 5. 

AStcrnativcSy, compounds of Formula II may he pre- 
pared by Friedel-Crafts acylation in which a chlorofor- 
mamide of the formula CIC(O)NHR~ is reacted with a 
compound of Formula VI in the presence of a Lewis 
acid such as aluminum chloride, boron trifluoride, hy- 
droga fluoride or phosphoric acid. 

In generaI, the starting materMs utilixed’in the prepa- 
ration of compounds of Formula II are known to or can 
readily be syntheaixcd by those of ordinary skill in the 
art. For example, the compounds of Formula III where 
X is hydroxy, p is 1, Rr is methoxy (particularly meta to 
theecid),qisOandnislor2amdiscussedbyLowa- 
thd, IX J.; Schatxmilkr, S. J. Chem Sot Per&in Tmnr 
I 1976, 944. Unsubstituted compounds (i.e., wherein p 
and q are both 0) in which n is 1,2 or 3 are readily 
available or may be prepared in accordance with meth- 
odsknowninthearL 
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Compounds of Formula III wherein X and Y are 
together oxa and n is 1,2 or 3 can be prepared fkom an 
alcohol of the formula a 

in which rt, p, q, Rt and Rt arc as defmed in the Sum- 
mary of the Invention by treating with a strong base 
(e.g., n-butylhthium) in au inert organic solvent (e.g, 15 
hexanes) for approximately 20 hours followed by bub- 
bling through with carbon dioxide for approximatety 5 
hours. -l-he preparation of a compound of Formula III 
in which X and Y together are oxa is descrii in Exam- 
ple 1. 

Other starting materials Fiat are useful for preparing 20 
compounds of the invention are l-cyano-eallroxynaph- 
thalenes which can be hydrolyzed and reduced to the 
corresponding starting acid of Formula III wherein X is 
hydroxy, R is Calkoxy, q is 0 and n is 2. Halogen-sub- 
stituted tetralones are well known and are prepared ” 
from o-halophenylbutyric acids. These tetralones can 
be reduced to the appropriate alcohol, converted to an 

. acid and reacted with the RWH2 compound as a lac- 
tone to form an amide of Formula II. 

30 
step 2 

Compounds of Formula IA are prepared by reacting 
amides of Formula II with a dialkylformamide in the 
presence of a strong base and than acidifying. The reac- 
tion is carried out in a inert ethereal solvent (e.g., di- 35 
ethyl ether, dimethoxyethane or tetrahydrofuran 
(I-I-IF), preferably THF) at temperatures ranging from 
-70’ C. to 25’ C., preferably -20‘ C. to 0’ C., at ambi- 
ent pressure and under an inert atmosphere (e.g., argon 
or nitrogen, preferably nitrogen). The dialkylforma- 40 
mide, preferably dimcthylformamide (DMF), is geuer- 
ally used in molar excess relative to the amide of For- 
mula II. Any strong base, such as a.Grignard reagent or 
an appropriate alkyllithium, preferably n-butyIMhium, 
can be utilized. Step 2 of Scheme I is described in Exam- 45 
pies 6, 1. 8 and 9. 

Compounds of Formula IB may be prepared by re- 
duction of the corresponding compound of Formula 
IA. The reduction is carried out under standard bydro- 
genation conditions with an appropriate hydrogenation 50 
catalyst and in a suitable polar, organic solvent Reac- 
tion pressures may vary from atmospheric to approxi- 
mately 15 megaPascals (mPa) and temperatures may 
range from ambient to approximately loo’ C. While any 
standard catalyst (e.g., rhodium on alumina, etc.) may 55 
be used, certain catalysts are preferred. Preferred cata- 
lysts include 10% palladium hydroxide, 20% palladium 
hydroxide on carbon, Pearlman’s catalyst (50% 
HzO-20% palladium content) and paliadium/BaS04. 
Suitable solvents include ethanol, DMF, acetic acid, 60 
ethyl acetate, tetrahydrofuran, toluene, and the like. 

Dcpcnding upon the catalyst, solvent, pressure and 
temperature chosen, the reduction process may take 
from a few hours to a few days to complete. As an 
example, a reaction carried out with 20% palladium 65 
hydroxide in acetic acid and 70% perchloric acid at 15 
kPa and 85’ C. takes approximately 24 hours for full 
reduction to occur. Tlrc reduction of a compound of 

16 
Formula IA to a compound of Formula IB is described 
in detail in Example IO. 

A compound of Forrmrla IA can be reduced in either 
the nonsalt or aalt form. If an optically active reagent is 
employed to form the salt of a compound of Formula 
IA, formation of one enadorner over the other may be 
favored. 

Compounds of Formula I are also prepared by the 
reaction sequence shwn below in Scheme II. 

-u 

1 

in which X is hydroxy, alkoxy or halogen and Y is 
hydrogen or X and Y together are oxa, L is a leaving 
group and n, p, q, R*, R2 and R3 are as defmed in the 
Summary of the Invention, with the procaxs wplvins 
particularly well to the presently preferred embodi- 
ments. 
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Scheme II 
Al~atively, compounds of Formula I are prepared 

by a three step synthesis comprising (1) converting an 
acid or acid derivative of Formula III to an unsub- 5 
stututcd amide of Formula V, (2) reacting the amide 
with a formylating agent in the presence of a strong 
base and then acidifying to form a compound Formula 
SVA (a compound of Formula IV in which the optional 
bond is present), (3) optionally reducing a compound of 10 
Formula IVA to a compound of Formula IVB (a com- 
pound of Formula IV in which the optional boud is 
absent) and (4) condensing the compound of Formula 
IV with an appropriate alkylating agent to form a com- 
Round of Formula I. 15 

Step’ 
Compounds of Formula V are prepared by procced- 

ing as in Step 1 of Scheme 1 but replacing the substi- 
tuted amine with ammonia- 20 

step 2 
Compounds of Formula IVA arc prepared by pro- 

ceeding as in Step 2 of Scheme I but substituting a com- 
pound of Formula V for the compound of Formula II. 25 
Compounds of Fonuula IVR may be prepared by pro- 
ceeding as described above for the hydrogenation of a 
compound of Formula IA but substituting a compound 
of Formula IVA. 

Compounds of Formula I in which subs&tent Rl is 
NH2 may be prepared by the reduction of a nitro substit- 
ucnt on the corresponding compound of Formula I; in 
which R* is alkoxy or dikylamino, by substitution of a 
corresponding uitro or halo substituent; or in which Rt 
is bydroxy, by tbc de-alkylation of a corresponding 
alkoxy substituent. Furthermore, compounds of For- 
mula I in which Rt is Cl, Br, I or No2 may be prepared 
by the introduction of such substitucnt onto a ring acti- 
vated by au already prsent Rt substitucnt such as NHt, 
NHR, NRx, OH or alkoxy; or in which Rt is an acct- 
amido substituent, by the ecylation of a corresponding 
ammo substituent. All of the additional processes de- 
scribed above may be performed by methods weIl 
known to one of ordinary skill in the art of organic 
synthesis. 

Compounds of Formula I in which u is 1 (compounds 
of Formula I in which the cyclic amine portion of R3is 

step3 
30 in the N-oxide form) may be prepared by oxidation of 

the cmrcqmnding compound of Formula I in which u is 
Compounds of Formula 1 are prepared by reacting, in 0, preferably the nonsalt form. The oxidation is carried 

the presence of a strong base, a compound of Formula out at a reaction temperature of approximately 0’ C. 
IV with an alkylating agent of the formula RsL in with au appropriate oxidizing agent and in a suitable 
which Rs is as defined in the Summary of the Invention 35 inert, organic solvent. Suitable oxidizing agents include 
and L is a leaving group. The reaction is carried out peroxy acids such as trifluoropcracetic acid, permalcic 
under standard amide alkylating conditions (Luh, ‘I.; acid, perbcnxoic acid, peracetic acid, and m- 
Fung S. H. Syrr~h. Chmmun 1979, 9, 757) in an inert chloropcroxybenxoic acid. Suitable solvats include 
solvent at a reaction temperature of 20’ C. to 100’ C. halogenatcd hydrocarbons, e.g., dichloromcthane. The 
Appropriate bases include sodium or sodium hydride 40 oxidation of a compound of Formula I in which u is 0 to 
and are usually employed iu molar excess. Suitable the corresponding N-oxide is described in Example 12. 
solvents include tetrahydrofuran or N,NdialkyIforma- Alternatively, the compounds of Formula I in which u 
midcs such as N,Ndimetbylformamide. is 1 may be prepared using N-oxide derivatives of the 

Alternatively, alkylation may be accomphshcd via starting materials or intermediates, which may be pre- 
phase-transfer catalyst (FTC) techniques. Such tech- 45 pared in a similar~manner. 
niqua comprise carrying out the reaction in the prcs- Compounds of Formula I in which u is 0 (compounds 
encc of catalyst and in a liquid-liquid two phase solvent of Formula 3 wherein the cyclic amine portion of R3 is 
system (Gajda, 7.; Zwierxak, A. Synthesis, Communicu- not in the Nsxidc form) are also prepared by reduction 
tions 1981, lCUlS), or preferably, in a solid-liquid system of the corresponding compound of Formula I iu which 
(Yamawaki, J.; Ando, T.; Hanaf’usa, T. C&n., tCrr x) u is 1. The reduction is carried out under standard con- 
1981, 1143; Koxiara, A.; ZaWasZki, s; Zwierrak, A. ditions with an appropriate reducing agent in a suitable 
Synthesis 1979, 527, 549). solvent. The mixture is occasionally agitated while the 

A liquid-liquid two-phase system is comprised of an reaction temperature is graduslly increased over a 
aqueous phase consisting of a concentrated alkali hy- range of 0’ C. to 80’ C. Appropriate reducing agents 
droxide solution (e.g., 50% aqueous sodium hydroxide), 55 include sulfur, sulfur dioxide, triaryl phosphincs (e.g., 
au organic phase comprised of an inert watcr-immisci- triphcnyl phosphinc), alkali borohydridcs (e.g., lithium 
ble organic solvent solvent, and an appropriate catalyst. borohydride, sodium borobydridc, etc.), phosphorus 
A solid-liquid system consists of a powdered alkali hy- trichloride and tribromide. Suitable solvents include 
droxide/alkali carbonate suspended in au organic soI- acetonitrile, ethanol or aqueous diorane. 
vent and catalyst 60 AswillbcapparcnttooneofordinaryskiUiuthcart, 

The reaction is effected by adding slowly to a FTC compounds of Formula I may be prepared as individual 
system containing a compound of Formula IV an alkyl- isomers or mixtures of isomers. Isomers which arc dia- 
sting agmt of the formula RsL until 10 to 50% in cx- stcrcomers have distinct physical properties (e.g., melt- 
cess. The reaction mixture is kept at rdlux until the iug point& boiig points, solubllities, reactivity, etc.) 
reaction is complete. The mixture is then cooled to 65 and are readily separated by taking advantage of these 
room temperature and the compound of Formula I is dis&nilarities. For example, diastereomcrs cart be sepa- 
isolated by conventional methods. Suitable organic rated by chromatography or, preferably, by scpara- 
solvmts include bmxenc, toIuene, and the like. Appro- tion/resolution techniques based upon diiermces in 

18 
priatc catalysts include alumina coated with potassium 
fluoride and quaternary ammonium sulfates such as 
tctra-n-butyi-ammonium hydrogen sulfate and trica- 
prylylmethylammonimn chloride. 

A variation of Scheme II comprises converting a 
compound of Formula V to a compound of Formula II 
by one of the above dcscrii alkylation processes and 
then proceeding as in Step 2 of Scheme I to form a 
compound of Formula I. 

Additional Process& 
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solubihty. The separation of a single diastereomer of 
Formula I is described in Example 13. 

Optical isomers can be separated by reacting the 
race&c mixture with an optically active resolving 
agent to form a pair of diastereomeric compounds. The 
isomers are then separated by any of the techniques 
described above for the separation of diastereomers and 
the pure optical isomer recovered, along with the re- 
solving agent, by any practical means that would not 
result in racemization. While resolution of opt&l iso- 
mers can be carried out using covalent disstereomeric 
derivatives of oompotmds of Formula 1. disso&ble 
complexes are preferred, e.g., crystaliinc diastereomeric 
salts. Suitable resolving acids include tar&c acid, o- 
nitrotartranihc acid, mandelic acid, mahc acid, the 2- 
arylpropionic acids in general, and camphorsulfonic 
acid. 

Individual isomers of compounds of Formula 1 can 
also be separated by such methods as direct or seiective 
crystallization or by any other method known to one of 
~dii skill in the art. A more dctaiied description of 
the techniques applicable to the resolution of stereoiso- 
mcrs of compounds of Formula I can be found in Jean 
Jacques; Andre Coild, Samuel H. W&en Enuntiomers. 
Rocemates and Resolutions 1981, John Wiley 8 Sons, 
Inc. Alternatively, individual isomers of compounds of 
Formula I can be prepared using the isomeric forms of 
the starting materials. 

Compounds of Formula I are be converted to the 
corresponding acid addition salt with a pharmaceuti- 
caliy acceptable inorganic or organic acid. In addition, 
pharmaceutically acceptable salts may be formed when 
the acidic proton of Rt hydroxy substituents present are 
capable of reacting with inorganic or organic bases. 
Inorganic and organic acids and bases suitabit for the 
preparation of the pharmaceutically acceptable salts of 
compounds of Formula I are set forth in the definitions 
section of this application. 

Compounds of Formula I in the acid addition salt 
form arc converted to the corresponding free base by 
trCatmcnt with a suitable base such as ammonium hy- 
droxide solution, sodium hydroxide or the lit. Com- 
pounds of Formula I in which Rt bydroxy substituents 
form salts are converted to the corresponding free base 
by treatment with a suitable acid such as hydrochloric 
acid. 

Of the two processes for synthesizing compounds of 
Formula I descrii within this application, Scheme I is 
preferred. While compounds of Formuia I may be syn- 
thesized by the process described in Scheme II, the 
alkyiation step therein may require severe reaction con- 
ditions and is usually restricted to alkylation of unsubsti- 
tuted amides with primary alkylating agents, e.g., 
CH3L. 

In summary, the processes for preparing the com- 
pounds of Formula I are: 

(1) reacting a compound of Formula II with a for- 
mylating agent in the presence of a strong base and then 
acidifying to form a compound of Formula IA or react- 
ing a compound of Formula IV with an alkylating agent 
of the formula R3L to form a compound of Formula I; 

(2) optiondiy hydrogenating a compound of Formula 
IA to form a compound of Formula IR, 

(3) optionally reacting with or exchanging substitu- 
mts present on a compound of Formula I to form an 
additional substituted compound of Formula L 
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(4) optionally converting a salt of a compound Of 
Formula I to the corresponding compound of Formula 
1; 

(5) optionally converting a compound of Formula I 
to a corresponding pbarmaceuticaily acceptable salt; 

(6) optionally oxidizing a compound of Formula I in 
which u is 0 to form the corresponding N-oxide; 

(7) optionally reducing the N-oxide of a compound of 
Formula I to the oorrespooding compound of Form& 
Iinwhichuis&or 

(8) optionally separating a mixture of isomers of a 
compound of Formula I into a single isomer. 

I&any of the above last step processeS, a reference to 
Formuia I. IA. IB. II or IV refers to such Formulae 
wherein n,‘p, q; RI; Rx, R3, R4, R5, u, x, y, and I are as 
defmed in their broadest definitions set forth in the 
Summary of the Invention, with the processes applying 
particularly well to the presently preferred embodi- 
ments. 

EXAMPLE 1 
2,6,7,8,9,9a-Huahydr~yclohcpttcdlisobcn- 

2-one 
The following is the preparation of a compound of 

Formula III in which 
ni53; 
bothpandqareQand 
X and Y arc together 0x0. 
A solution of n-butyliithium/hexane (2.SM, 32.0 mL, 

80.0 mmol) was added in a dropwise fashion over five 
minutes to a heated solution of 5,6,7,8-tetrahydro-9H- 
benxocyciohepten-9-o] (4.03 g, 31.9 mmol) in hexane 
(100 mL). The mixture was maintained at reflux temper- 
ature and stirred for 20 hours. The mixture was then 
cooled to IO’ C. and dry carbon dioxide was bubbled 
through for 5 hours, during which time a white preoipi- 
tate formed. The reaction mixture ~8s diluted with 
water (100 mL) and extracted with ethyl acetate. The 
aqueous solution was adjusted to pH 2.0 with concsn- 
trated hydrochloric acid while beiig stirred in an ice- 
water bath The resulting precipitate was filtered and 
recrystallixed from hexane to give 

2,6,7,8,9,9a-hexahydrocyclohept[cd&obenzofuran- 
Z-one (2.63 g), m.p. w-85’ C. 

EXAMPLE 2 
(RS)-N-(I-&abicyclo[2.2.2Joct-3-yl)4mdancarboxa- 

midc 
The following is the preparation of a compound of 

Formula II vis Scheme I, Step 1 in which 
ni5 1; 
pandqareqand 
R3 is l-azabicyclo[2.2.2Joct-3-yl. 
A solution of (RS)-3-~~1-azabicyclo[2.22]octane 

(1.51 g, 12 mmol) in tolumc (20 mL) was added drop- 
wise to a 5tirrtxl solution of trimethyIahuninum (12 
mmol) in toluene (6 mL), so that the temperature did 
not exceed lo’ C. The mixture was stirred for 30 min- 
utes, and a solution of ethyl 4-indancarboxylate (2.16 g, 
11.3 mmol) in toluene (20 mL) was gradually added. 
The reaction mixture was hea~ed under reflux for 16 
hours, then cookd to room temperature. The reaction 
mixture was added at 0’ C. to aqueous hydrochloric 
acid (10%. 20 mL). After separatiol of the layers, the 
aqueous layer was made basic with 1ON aqueous sodium 
hydroxide and extracted with ethyl acetate. The or- 
ganic layer was dried with anbydrous potassium car- 
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* *  Ll  
2 -mc thoxy -1 -naph tha len~xamide ,  m.p.  2 7 0 ’- 2 7 1 ’ 
C. 

P rocecd i i g  as  in  E x a m p l e  3,  bu t  r ep lac ing  5,6,7,8-tct-  
r ahyd ro -1 -naph tha leneca rboxy l i c  ac id  wi th  4 -ch lo re  
5 .6 .7 .8~ te t rahydro -1 -naph tha lcnccarboxy l i c  ac id  g a v e  
(S) -4-ch loro-N+azabicyc lo [2 .2 .2 foc t -3-y l ) -S,6 ,7 ,8- tc t -  
r a h y d r o - 1 - n a p h t h a l e n c c a r b o x a m i d n e c a r b o x a m i d e .  

P r o c e e d i n g  as  in  E x a m p l e  3,  bu t  r ep lac ing  (S j3 -  
amino-1 -a& icyc lo [2 .2 .2 ]oc tane  wi th  4 -amino - f -  
azab icyc lo [2 .2 .230c tanc  g a v e  N- (1-azab icyc lo [22.2 ]oc t -  
4 -y l ) -S ,6 ,7 ,8 - te t rahydro - l -naph tha lenccazWxamide .  

P r o c e e d i n g  as  in  E x a m p l e  3,  bu t  r ep lac ing  (S )3 -  
amino- l -azab icyc lo [2 .2 .2Jcc tane wi th  ( R S > 3 - a m i n o - l -  
axab icyc lo(2 .2 .2 joc te  g a v e  (RS) - (1 -azab icyc lo [2 .2 -  
2Joc t -3 -y1>S,6 ,7 ,8 - t c t rahyd ro - l -naph tha leneca rboxa -  
midc.  

P r o c e e d i n g  as  in  E x a m p l e  3,  bu t  r ep lac ing  ( Q - 3 -  
amino-1 -azab icyc lo [2 .2 .2Joc tane  wi th  (R ) -3 -am in& -  
azab icyc lo [2 .2 .2 ]oc tanc tane g a v e  (IQ-o- ( -azab icyc lo [2 .2 . -  
2 ]oc t -3 -y1 ) -5 ,6 ,7 ,&ydrc -1 -naph tha lencca rboxa-  
midc.  

P r o c e e d i n g  as  in. E x a m p l e  3,  bu t  rep lac t ig  ( Q - 3 -  
amino- I -azab icyc lo [2 .2 .2 ]oc tane wi th  cndod -me thy l -9 -  
azab icyc lo [3 .3 . l ]nonane g a v e  N- (cndo -9 -me thy l -g -  
azab icyc lo [3 .3 .1 ]non-3-y l ) -5 ,6 ,7 ,8 - te t rahydro- l -naph-  
tha lmccarboxamide .  

P r o c e e d i n g  as  in  E x a m p l e  3,  bu t  r ep lac ing  (S ) -3 -  
amino-1-az .ab icyc lo [2 .2 .2 ]cc tane wi th  ado -8 -me thy l -8 -  
azabicyc lo [3 .2 .  l loc tane g a v e  N - (endo -8 -me thy l - 8 -  
azab icyc lo [32. l ]oc t -3-y l ) -S,6 ,7 ,8- tc t rahydro- l -naphtha-  
l e n e  usboxnmid t .  

P r o c e e d i n g  as  in  E x a m p l e  3,  bu t  r ep lac ing  (S ) -3 -  
amino-1 -azab icyc lo [2 .2 .2 ]oc tane  wi th  uo -8 -me thy l -8 -  
azabicyc lo [3 .2 .  l loc tane p ;sv=  N-(exo- t -mcthy l - l -  
ruab icyc io~3.2 . l ]oc t -3 -y1>5,6 ,7 ,8 - tc t rahydro- l -naph-  
t ha lencca rboxamide .  

P r o c e e d i n g  as  in  E x a m p l e  3,  bu t  r ep lac ing  (S ) -3 -  
amino- I -azab icyc Io [2 .2 .2 ]cc tane wi th  cndo- l -axab icy -  
c lo[3.3.1 J n o n a n e  g a v e  N- (cndo- l -azab icyc lo [3 .3 . I ]non-  
4 -y l ) -5 ,6 ,7 ,8 - te t rahydro - l -~ph tha l tnccarboxamide .  

P r o c e e d i n g  as  in  E x a m p l e  3  the  fo l lowing  a r e  p rc -  
p a r e d :  

N- (exo-9-methy l -9 -azab icyc lo [3 .3 . l ]non-3-y1) -5 ,6 ,7 ,8 -  
t e t rahyd ro - I -naph tha lencca rboxamide ;  a n d  

N-(cxo- l -aza l~ icyc lo [3 .3 . l ]non4yl ) -S,6 ,7 ,8- tc t rahy-  
d ro - I -naph tha lcncca rboxamide .  

bona te ,  f i l tered a n d  e v a p o r a t e d  to g ive  2 . 4 2  g  ( 7 9 % )  of  
a  whi te sol id.  A  s a m p l e  recrysta l l ized f rom ethy l  a & a t e  
g a v e  (RS)-N- ( l -azab icyc lo [2 .2 .2 ]oc t -3 -y l ) .4 - indancar -  
b o & $ G d c ,  m.p.  l S S ’- 1 5 8 . 5 ’ C  Anal . :  Ca l& .  for  
C 1 7 H 2 z N 1 0 :  C, 75 .52 ;  H, 8 z 2 q  N, 10 .36 .  F o u n d :  C, 5 .95 ;  
H, 8.2,  N, 10 .50 .  

P r o c c e d m g  as  in  E x a m p l e  2,  bu t  r ep lac ing  (RS) -3 -  
amino- l -szab icyc lo [2 .2 .2 ]oc tane wi th  (R ) -3+un ino - l -  
azab icyc lo [2 .2 .2 ]oc tanc tane g a v e  (R)-N-(1-az l tb icyc lo [U-  
2 ] o c t - 3 - y & 4 - m d a n c a r b o x a m i d ~  

P r o c e e d i n g  as  in  E m p l c  2.  bu t  r ep lac ing  (RS j3 -  
amino-1 -azab icyc lo [2 .2 .2 ]oc tane  wi th  (S )3 -amino - l -  
azabicyc lo [2 .2 .2 ]o  g a v e  (S) -N- (1 -azab icyc io [ rZ -  
Z ]cc t -3 -y l )4mdancarboxamidc ,  m.p.  l S Y - 1 6 0 ’ . C; 
[aws -47 .5’ (c=O.4 ,  CHCI3) .  

P r o c e e d i n g  as  in  E x a m p l e  2  the  fo l lowing  a r e  p rc -  
p a r e d :  

N - (1  -azab icyc lo [2 .2 .2 ]oc t4y l ) -4 - indsncarboxamidc ;  
N- (endo-9 -methy l -9 -azab icyc lo [3 .3 . l ]non-3 -y1 ) -4 -  

i n d a n c a r b o x a m i d e ;  
N- (endo-8-methy l -8 -azabkyc lo [3 .2 . l ]oc t -3 -y1) -4 -  

i n d a n c a r b o x a m i d e ;  
N- (cxo-8-methy l -8-azabicyc lo [3 .2 . l ]oc t -3-y l ) -4 -  

i n d a n c a r b o x a m i d e ;  
N- (endo- l -a tab icyc lo [3 .3 . l ]non4y l )4 indancarbox-  

am ide ;  
@S) -N- ( I -azab icyc lo [2 .2 .2 ]oc t -3 -y&4- indan-S-  

me thoxyca rboxamide ;  
(R) -N- (  1 -azab icyc lo [2 .2 .2 ]oc t -3 -yQ-4- i idan-S-  

me thoxyca rboxamide ;  a n d  
(S) -N- ( I -azab icyc lo [2 .2 .2 ]oc t -3 -y l ) -4 -mdan-S-  

me thoxyca rboxamide .  

E X A M P L E  3  
(S) -N- ( l -Azabicyc lo [2 .2 .2 ]oc t -3-y l ) -S,6 ,7 ,8- te t rahydro-  

I - naph tha lenccazboxamidc  

5  

1 0  
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2 0  

2 5  

3 0  

3 5  

- l -he  fo l lowing  is the  p r e p a r a t i o n  of  a  c o m p o u n d  of  
F o r m u l a  1 1  v ia  S c h e m e  1,  S tep  1  in  wh ich  

II is 2;  4 0  
p a n d q a r e Q a n d  
R 3  is I -azabicyclo[2.2.2]ot -3-y l .  
A  so lu t ion  of  5 ,6 ,7 ,8 - tc t rahydro - l -naphtha laccar -  

boxyl ic  ac id  (O fosu -Asan te ,  K . a n d  S tock L.  M., J. O rg .  
G e m . 1 9 8 6 ;  51 :  5 4 5 2 )  (2 .06  g,  1 1 . 7  mmol ) ,  oxaly l  ch l&  4 S  
r i de  ( 1  mL ,  1 1 . 7  mmol ) .  a n d  d ime thv l fo rmamide  (0 .1  
m L )  h  d i ch lo rome thank  ( 2 0  m L )  w a s  st i r red at  r o o m  
tempe ra tu re  for  o n e  hou r .  T h e  mix tu re  w a s  t h e n  c u n -  E X A M P L E  4  
ccnt ra tcd u n d e r  r e d u c e d  p ressure ,  a n d  the  r es i due  w a s  
d isso lved  in  d i c h l o r o m e t h a n e  ( 2 0  mL) .  T h e  resu l t ing  K )  N- (cndo-9 -Methy l -9 -azab icyc lo [3 .3 .  I ]non-3-y l  j5 ,6,7,8-  
so lu t ion  w a s  a d d e d  d r o p w i s e  at  0 ’ C. to a  so lu t ion  of  t e t r ahyd ro - I - uaph tha lencca r IboxaaGde  
(S) -3 -amino- I -axab icyc lo [2 .2 .2 ]oc tane  (1 .48  g.  1 1 . 7  
m m o l )  in  d i ch lo romethan t  ( 2 0  mL) .  T h e  so lu t ion  w a s  

T h e  fo l lowing  is the  p r e p a r a t i o n  of  a  c o m p o u n d  of  
F o r m u l a  II v ia  S c h e m e  I, S tep  1  in  wh ich  

s t i r red at  r o o m  tempe ra tu re  for  3 0  minutes .  a n d  the  n is2;  
so lvent  w a s  e v a p o r a t e d  u n d e r  vacuum.  T h e  res i due  w a s  S S  c a c h p , q m d u i s O , a n d  
d lsmlved  in  wa te r  a n d  w a s h e d  wi th ethy l  aceta te .  T h e  R3 is  
a q u e o u s  layer  w a s  bas i icd  wi th  N H J O H  a n d  ex t rac ted  
wi th  d i ch lo romethanc .  T h e  d i ch fo rome thane  w a s  d r i ed  

cndo-9-methy l -9 -au lb icyc lo [3 .3 . l ]non-3-y l .  

wi th  a n h y d r o u s  po tass ium ca rbona te ,  f i l tered a n d  t h e n  
A  so lu t ion  of  5 ,6 ,7 ,8 - te t rahydro- I -nsp tha lenecu;  

boxyl ic  ac id  ( 5 7 1  mg,  3 . 2 4  mmol ) ,  oxaly l  ch lo r ide  (0 .44  
e v a p o r a t e d  to t io rd 2 . 7 5  g  of  wh i te  crystals. A  s a m p l e  6 0  mL,  5 .0  mmol ) ,  a n d  d ime thy l fo rmamide  ( O . O S  m L )  ia  
recrysta l l ized f rom ethy l  ace ta te /bcxane  g a v e  (&N- (1 -  
azab icyc lo [2 .2 .2 ]oc t -3 -y l ) -S ,6 ,7 ,Wct rahydr~ l -nap-  

d i c h l o r o m e t b a n e  ( 2 0  m L )  w a s  st i r red at  r o o m  t e m p r ~ +  
tu re  for  o n e  hou r .  T h e  mix tu re  w a s  t h e n  concen t ra ted  

tha lencca rboxamide ,  m-p .  1 5 9 ’- 1 6 0 ’ C.; [aJ#  -42 .1’ u n d e r  r e d u c e d  p r e s s u r e  a n d  the  r es i due  w a s  d isso lved  in  
( c=O.65 .  C H C 1 3 ) .  to lucne  ( 1 0  mL) .  T h e  resu l t ing  so lu t ion  w a s  a d d e d  

P r o o x d i n g  as  in  E x a m p l e  3,  bu t  r ep lac ing  5 ,6 ,7 ,8&t -  6 5  d r o p w i s e  to a  s t i r red mix tu re  of  e n d o - 3 - a m i . n o + m e & -  
rahyd ro -1 -naph tha lcncca rboxy l i c  ac id  wi th  5,6,7,8- tet -  
r ahyd ro -2 .me thoxy -1 -naph tha leneca rboxy l i c  ac id  g a v e  

y l -9 -azab icyc lo [3 .3 . l ]nonane ( S O 0  mg,  3 . 2 4  m m o l )  a n d  

(S) -N- ( l -azabicyc lo [2 .2 .2 ]oct -3-y l ) -S,6 ,7 ,8- tc t rahydro-  
s o d i u m  c a r b o n a t e  ( 7 0 0  mg,  6 .5  m m o l )  in  wa te r  ( 5  m L )  
a n d  to lucnc ( 2 S  mL) .  A fter 2  h o u r s  the  mixzsue  W B S  



diluted with ethyl acetate (100 mL). Tbc Iayers were 
separated and the organic layer was dried with anhy- 
drtia, magnesium sulfate, fiitered, and concentrated 
under reduced pressure to afford 700 mg of white crys- 
tals. A sample recrystallized from ethyl acetate gave ’ 
N-(endo-9-metbyl-9-tiicyclo[3.3.l]non-3-yI j5,6,7,8- 
tetrahydro-I-naphten~~~de, m.p. IW-163 
c. 

EXAMPLE 5 IO 

(RS>N-(l-Azsbicycol[2.2.2]oct-3-yI)-5,6,7,8-tet.rahy- 
dro-9H-bcnzocycloheptcn-karboxamide 

The following is the preparation of a compound of 
Formula II via Scheme I, Step 1 in which IS 

n is 3: 
pandqareeand 
R3 is l-azabicyclo[2.2.2]ot-3-yl. 
A solution of (RS).3-amino-I-axabicyclo[2.2.2]octane 

(1.00 g, 8 mmol)) in toluene (20 mL) was added drop- M  
wise to a stirred solution of tximethylahuninum (8 
mmol) in toluene (10 mL), so that the temperature did 
not exceed 10’ C. The mixture was stirred for 30 min- 
utes, and a solution of 2,6,7,8,9,9akxabydrocy- 25 
clohept[cd]isobenzofuran-2-one (1.25 g, 6.6 mmol) in 
toluene (10 mL) was gradually added. The reaction 
mixture was heated under under reflux 0.5 hours and 
then cooled to ambient temperature. Water was added 
gradually until a solid was precipitated, and the mixture 30 
was fdtered. The solid was washed with ethyl acetate 
and the combined organic layer was evaporated to give 
(RS)-N-(l-arabicyclo[2.2.2]oct-3-yl)-9H-9-hydroxy- 
5,6,7,8-tetrahydrobcnzocyclohepten-l-carboxamide 
(1.42 g, 68% yield). Crystallization from ethanokc by- 35 
drochloric acid gave (RS)-N-(1-azabicycIo[2.2.2]oct-3- 
yl)-9H-9-hydroxy-5,6,7,8-tetrahydrobenxocycloltepten- 
l-carboxamide hydrochloride, m.p. 239’ C. 

Ruiuction of (RS)-N-(1-azabicyclo[2.2.2&ct-3-y& 4. 
9H-9-hydroxy-5,6,7,8-tetrahydrobenzocyclohepten-l- 
carboxamide (3.42 g, 4.5 mmol) in ethanolic hydrochlo- 
ric acid (20 ml) with 20% palladium hydroxide on car- 
bon (0.5 g) was carried out at 50 psi for 24 hours. The 
catalyst was removed by fitration and the fittrate was 45 
concentrated under reduced pressure. Purification of 
the product by column chromatography (10% metha- 
nol in methylene chloride and 1% ammonium hydrox- 
ide) gave (RS)-N-(1-azabicyclo[2.2.Z]oct-3-yl)-5,6,7,8- 
tetrabydro-9H-benzocycloheptcn-l-box&de (0.52 50 
g, 39% yield). 

Proceediig as in Example 5 the following are pre- 
p&: 

N+azabicyclo[2.2.2]oct4yI)-5,6,7,8-tetrabydro-l- 55 
naphthalmecarboxamide; 

N-(endo-9-metbyl-9-ar.abicyclo[3.3.l]non-3-yl)- 
5,6,7,8-tetrahydro-I-naphthalenecarboxamide; 

N-(exo-9-methyl-9-azabicyclo[3.3.l]non-3-yl)-5,6.7$- 
tetrahydro-1-naphthalenecarboxamidc; 

N-(endo-8-methyl-8-azabicyclo~.2.l]oct-3-y1)- 
60 

5,6,7,8-tetrahydro-1-naphthakne carboxamide; 
N-(exo-8-methyl-8-azabicyclo[3.2.l]oct-3-yI)-5,6,7,8- 

tetrahydro- I-naphthalenecarboxamide; 
N-(endo-l-azabicyclo[3.3.l]non4yl)-5,6,7,8-tetrahy- 65 

dro-I-naphthalenecarboxamide; and 
N-(exo-I-azabicyclo[3.3.l)non4yl)-5,6,7,& 

dro-I-naphthalenccarboxcarboxamidc. 

EXAMPLE 6 
(RS)-2-(l-Azabicylco[2.2.2]oct-3-yl)-l,2,4,5-tetraby- 

drocyclopent[de]isoquindia-l-one 
The following is the preparation of a compound of 

Formula I via Scheme I, Step 2 in which 
the optional bond is present; 
n is 1; 
eachp,qanduisQand 
R3 is I-azabicvclol2.2.2kt-3-vL 
A solution of-~Sj-N-(i-azabi:cyclo[~2]~t-3-y1~ 

indancarboxamide (207 g, 7.7 mmol), prepared as in 
Example 2, in dry tetrahydrofnran (100 mL) at - 70’ C. 
was treated with n-butyllitbium (20 mmol). ‘The reac- 
tion mixture was stirred at -10’ C. for one hour, cooled 
to -70’ C.. and diiethvlformamide I15 mmol) added in 
one patioi. The rear& mixture w& allow& to warm 
to room temperature over 1.5 hours, then coolad to 0’ 
C. and acidified with 10% aqueous hydrochioric acid, 
The layers were sepmted, and tbi: aqueous layer was 
washed with ethyl acetate, then made basic with ION 
aqueous sodium hydroxide and extracted with ethyl 
acetate.. The ethyl acetate was dried over anhydrous 
sodium sulfate, filtered, and evaporated to give 1.75 g 
(81% yield) of white crystals. A sample recrystaIked 
from ethyl acetate gave (RS)-2+szabiCyclo[2.2.2]oct- 
3-yl)-l,2,4,5-tctrahydrocycIopent[de]kxluinolin-I-one, 
m.p. lW-147’ C. Anal.: Cal& for CtsH2oNu): C. 
77.11; H, 7.19; N, 9.99%. Found: C, 76.93; H. 723; N, 
9.90%. 

CrystaIlization from ethanolic hydrochloric acid 
gave the hydrochloride saIt monoethanol adduct, m.p. 
188’-190’ C. Anal.: Calcd. for CtsH&l20 HCl 
C2HsOH: C, 66.19; H, 7.50; N, 7.72%. Found: C, 66.08; 
H, 7.55; N, 7.66%. 

Proceeding as in Example 6. but replacing (RS)-N-(l- 
aza-bicyclo[2.2.2}oct-3.yI)4indancarbotide with 
(S)-N-(l-aza-bicyclo[2.2.2]oct-3-y1)4indancarboxs- 
midc, prepared as in Example 2, gave (S)-2-(1-azabicy- 
clo[2.2.2]oct-3-yl)-1,2,4,5-tetrahydrocyclopent- 
[de]isoquinoliu-l-one, . 
[&?5+47.1’ (czO.41, EiP&,,. !2iY&cd. 2 
ClsH2c,N20: C, 77.11; H, 7.19, N, 9.99%. Found: C, 
77.45; H, 7.12; N, 9.84%, and (S>2-(1-mbicycIo[2.2.- 
Z]oct-3-yl)-lX4,5-tetrahydrocycIo~nt[de]i~~o~- 
l-one hydrochloride m.p. >285’ C.; [a]# -12.8’; 
Anal.: C&d. for CtsH2&l~.HCl.0.5 HzO: C, 66.35; 
K6.81; N, 8.59%. Found: C, 65.96; H, 6.86; N, 8.33%. 

Proceeding as in ExampIe 6, but replacing (RS)-N-(1- 
aze-bicyclo[2.2.2Joct-3-yl)4indancarboxamide witb 
(R>N-(l-lrza-bicy~o~2.2.2)~-3-yI~m~~~- 
mide, prepared as in Example 2, gave (R)-2+azabicy- 
c3o[2.23~oct-3-y1)-1~,4,S-~~~ydrocyclopent- 
[de)iuinolin-l-one and (S)-2-(1-atabicyclo{2.2.2]oct- 
3-yl)-l,2,4.5-tetrahydrocyclopent[de)koquinolin-l-onc 
hydrochloride. 

EXAMPLE 7 
(!Q2-(l-AzabicycIo[2.2,2]oct-3-yl)-2,4,5,6-tetrahydro- 

IH-benz[deJisoquinolin-l-one 
The foIlowing is the preparation of II compound of 

Formula I via Scheme I, Step 2 in which 
the optional bond is present; 
nis2; 
eachp,qanduiso;and 
R3 is l-azabicycIo[2.2.2]oct-3-yl. 
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A solution of o-butyllithium in hexane (60 mmol) was 
added dropwise at -70’ C. to a solution of (S>N-(I- 
szabicyclo[2.2.2]oct-3-yl)-S,4,7,8-tetrahydrol-naph- 
th&necarboxamide (7.70 g, 21 mmol), prepared as in 
ExampIe 3, in dry tetrahydrofuran (403 mL). The reac- 
tion r&xture was &red at - lo’ C. for one hour, cooled 
to -70’ C.. and diithvlformarm ‘de (100 mm011 added 
in one portion. The rekion mixtuG was &Owed to 
wsrm to room temperature over 1.5 hours, then cooled 
to 0’ C. and acidified with 10% nqueous hydrochloric 
acid. ‘l-be layers were separated, and the aqueous layer 
wss washed with ethyl acetate, then made basic with 
1ON aqueous sodium hydroxide and extracted with 
ethyl acetate. The ethyl acetate was dried over anhy- 
drous Sodium sulfate, filtered, and evsporated to give 
7.58 g (95% yield) of (S)-2-(1-azabicycIo[2.2.2]oct-3-y1)- 
2,4,5,6-tetrahydroIH-benz[de]i~uiao~-I-one 
white crystals; m.p. IV-1 18’ C.; [&?5+43.: 
(c=O.98, CHCI3). 

I 

26 
methyl-9-azabicyclo[3.3.l]noa-3-yl)-5,6,?,8-tetrahydro- 
I-napththalenecarboxamide (0.7 g, 2.24 mmol), pre- 
pared as in Example 4, in dry tetrahydrofuran (25 mL). 
The reaction mixture was stirred at - 10’ C. for one 

5 hour, cooled to -70’ C., and dimetbylformamide (13 
mmol) was added in one portion. The reaction mixture 
was allowed to warm to room temperature over 1.5 
hours, thm cooled to 0’ C. and acidified with 10% 
aqueous bydrochIoric acid. The layers were separated, 

IO and the squeous layer was washed with dbyl rcetlltt, 
then made basic with concentrntcd ammonium bydrox- 
ide and extracted with ethyl acetate (I00 mL). The 
ethyl acetate wss dried over anhydrous sodium sulfa* 
filtered, and evaporated to give 2-(mdo-9-methyl9- 
axabicyclo~3.3.I]non-3-yI>2,4,S,6-tetrahydro-1H-benz- 
[de]isoquinolone-I-one. 

1s 

CrystaIIization from cthanolic hydrochloric acid 20 
tzave 9.75 P of the bvdrochloride salt monoethanol ad- 
bet as w&e cry&s, m.p. >270* C., [a]$ ,--8.4’ 
(c=2.4, H20). Anal.: C&d. for ClyH22N20 HCl 
CzH,OH: C, 66.91; H, 7.75; N, 7.43%. Found: C, 66.77; 
H, 7.65; N, 7.27%. 

Crystakation from isopropanolic hydrochloric acid 
gave the unsolvated hydrochloride salt. 

Proceeding as in Example 7, but replacing (Q-N-U- 
azabicyclo[2k2]oct-3-yl)--5,6.7,8-tetr&ydro-i-&ph- 
thalenecarboxamide with CRS~N-GszabicvcloR.2.- 

&de, $&pared as in -Example- 3, gave (RS)-2-(1- 
azabicycIo[2.2.2]oct-3-yl)-2,4,5,6-tetrahydro-lH-k- 
[de]isoquinolii-l-one hydrcchloride m.p. 176’-177’ C. 

Proceeding as in Example 7, but replacing (Q-N-(1- 
ezabicvcIoT2.2210ct-3-v1~5,~7.~~~~vdr~I-~ob- 
thalen&a&oxa&ide -&th &-N-(l&abicycio[2.2.- 
2]ocG-yl)-5,6,7,8-tetrahydro-l-naphthaIenecarboxa- 
mide, prepared as in Example 3, gave (R)-2-(1-azabicy- 
cIo[2.2.2]oct-3-yl)-2,4,5,6-ttuzhydro-lH-benx- 
[de]isoquinoIin-l-one hydrochloride, m.p. >275’ C., 
[a]o2’+6.8* (c=2, H20). 

Proceeding as in Example 7. but replacing (S>N-(l- 
azabicyclo[2.2.2]oct-3-yl)-S,6,7,8-tetrahydro-I-naph- 
thalentcarboxamide with (S)-N-(I-azabicyclo[2.2.2]oct- 
3-yl)-5,6,7,8-te~rabydro-2-methoxy-l-naphthalenecar- 
boxamide, prepared as in Example 3, gave (@2-Q- 
az.abicyclo[2.2.2]oct-3-yl)-2,4,5,6-tetrahydro-9- 
methoxy-lH-benz[de)isoquinoli-l-one. 

Proceeding as in Example 7. but repIacmg (Q-N-Q- 
azabicycIo[2.2.2]o&3-yI)--5,6,7,8-tetr&ydro-i-n&h- 
thalenecarboxamide with W-N-( 1 -azabicvclol2.2.2loct- 
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so 

3-yl j&6,7,8-tetrahydr&~o&naph&aI&ecar~x- 
amide, prepared as in Example 3, gave (S)-2+azabicy- 
clo[2.2.2joct-3-yl>7chloro-2,4,S,6-tetrahydro-lH- 55 
benz[de]isoquinolin-I-on& 

EXAMPLE 9 
~S~2jl-ALsbicycIo~2.22)oct-~yI~1,2,4~5,6,7-bex- 

abydrocycIohept[de]isoquinoIin-kme 
The following is the preparation of a compound of 

Formula I via Scheme I. Sten 2 in which 
EXAMPLE 8 

2-(endo-9-Methyl-9-aubicyclo[3.3.l]non-3-yl)-2,4,5,~ 
tetrahydr+lH-benx[de]isoquinoIi-l-one 60 u is 3: 

the optionsl bond is p&se& 

Crys$iition from ethmolic hydrochloric acid 
gave the hydrochloride salt monoethanol adduct, m.p. 
236’ C. And: C&xl. for C2iH2fllNfl H20: C, 66.92; 
H, 7.7s; N, 7.43%. Found: C 66.45; H, 7.79; N, 1.32%. 

Proceeding as iu Example 8, but replacing N-(mdo-9- 
methyI-9-azabkyclo[3.3.f]nw-3-yI)-5,6,7,8-tetrahy~ 
I-napththalenecarboxamide with N<l-azabicyclo[2.2.- 
2]octan4yl)-S,6,7,8-tetrahydro-laapththalmecarbos- 
amide, prepared as in Example 3, gave 2-(1-azabicy- 
clo~2.2.2]octan4yl)-2,4,S,&etrahydro-lH-benz- 
ide]isoquindm-I-one hydrochloride, m.p. 335’-337’ C. 

Proceeding us in Example 8, but replacing N-(mdo-P 
methyl-9-azabicyclo[3.3.l]non-3-yl)-5,6,7,8-~etrn.bydro- 
I-napththaIeaecarboxamide with N-(endo-t-methyl-ll- 
azabicyclo[3.2.1 Joct-3-yl)-5,6,7,8-tetydro-l-napth- 
thalenecarboxamide, prepared as in Example 3, gave 
2-(mdo-8-methy1-8-arabicyc1o[33.I]oct&y1)-2,4,5,6- 
tetrahydro-lH-benr[delisoquinolin-I-onc hydrochlo- 
ride, m-p. 269’-270’. 

Proceeding as in Example 8, but replacing N-(mdo-9- 
methyl-9-azabicyclo[3.3.1]non-3-yI)-5,6,7,8-tetrahydr~ 
l-napththalenecarboxamide with N-(exo-8-methyl-8- 
azabicyclo[3.2.1]oct-3-yl)-5,6,7,8-tetrahydro-I-napth- 
thalenecarboxamide, prepared as in Example 3, gave 
2-(exo-8-methyl-F&rabicyclo[3.2.l~t-3-yl)-2,4,5,6-tet- 
rahydro-lH-benz[dc]isoquinoIin-I-one hydrochloride, 
m.p. >270’ C. 

Proceeding as in Example 8, but replacing N-(mdo-P 
methyl-9-azabicyclo[3.3.l)non-3-yl)-S,6,7,8-tetrahydro- 
1 -napththaIenecarbsamide with N-(endo-l-azabicy- 
clo[3.3.l]non4yl)-5,6,7.8-tetrahydro-l-napth- 
thdenecarboxamide, prepared as in Example 3 gave 
2-(endo-I-azahicyclo[3.3.l]non4yl)-2,4,5,6-tety- 
dro-lH-benx[dc]isoquinolin-lsne hydrochloride, m.p. 
>3w c. 

The following is the preparation of a compound of -- eachp,qanduisQand 
Formula I via Scheme I, Step 2 in which R3 is I-szabkycfo[2.2.2]oct-3-yl. 

the optional bond is present A solution of n-butyllithium in hexane (2.7 mmol) 
nis2; was added dropwise at -70’ C. to ZI solution of (RS)-N- 
eachp,qandnisqand 
R3 is mdo-9-methyl-9-stabicyclo[3.3. I]non+yI. 

65 (l-axabicyclo[2.2.2]ocU-yI)-5,6,7,8-tetrahydro-9H-ben- 
zocycloheptme-karboxamide (0.37 g. 1.2 mmol). pre- 

A solution of n-butyllithium in hexane (5 mmol) was pared as iu Example S, in dry tetrahydrofursn (10 mL). 
added dropwise at -7(r C. to a solution of N-(mdo-9- The rcsction mixture was stirred at -110’ C. for one 
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hour, cooled to -70’ C., and dimethylformamidc (1.5 
mmol) was added in one portion. The reaction mixture 
wa+allOwed to warm to room temperature over 1.5 
ho&, then cc&d to 0’ C. and acid&d with 10% 
aqueous hydrochloric acid. -l-he layers ware separated, 
and the aqueous layer was washed with ethyl acetate, 
then made bask with aqueous ammonium hydroxide. 
The ethyl acetate was dried over anhydrous sodium 
sulfate, filtered, and the solvent was evaporated to give 

the optional bond is absent; 
n is 2; 
p,qanduareQand 

5 
R3 a 1-arabicyclo[2.2.2]oct-3-yl. 
A diastereomeric mixture of 2-(1-arabicyclo[2.2.- 

2]oct-3S-yl)-2,3,3a,4,S,6hexahydro-lH-benx- 
[de)isoquinolin-l-one (16.19.54.0 mmol), prepared as in 
Example 10, was dissolved in ethyl alcohol (la0 mL) 
and hydrochloric acid (59.4 mmol) was added. Crystal- 
lization from ethanolic hydrochloric acid and ether 
gave a diastereomeric mixture of 70% l-(1-axabicy- 
clo[2.2.2]oct-3S-yl)-2,3.3aS,4,5,6hexahydro-lH-bwx- 
~delisoquinolin-l-one hydrochloride (A) and 3O% 2-(1- 
axabicyc1o[2.2.2]oct-3S-y1>23,3aR,4,5.6 
XH-benx[de]isoquinolin-l-one hydrochloride (B) (10.6 
g, 35.6 mmol). 

0.15 g (4O% yield) of (RS)-2-(l-azabicyclo~2.2.2]oct-3- IO 
yl)-l,2,4,5,6,7-htxahydrocyclobept[de]isoquinolin- 
l-one as a foam. Crystalliition from ethanolic hydro- 
chloric acid gave the hydrochloride salt, m.p. >285’ C. 

Proceeding as in Example 9 the following are pre- 
parti 2-(l-axabicyclo[2.2.2]oct4yl))-lJ,4~S,6,%hex- 15 
ahydrocyclohept[de]isoquinoIia-l-one; 2-(endo-g-me&- 
yl-9-arabicyclo[3.3.l]non-3-yl)-l,2,4,5,6,7-hexahy- 
drocyclohcpt[de]isoquinolin-l-one; 

2-(ex~9-methyl-9-axabicyclo[3.3.l]non-3-y1)- 
l,2,4,5,6,7-bexabydrocyclohept[de&oqninolin-l-on~ 20 

2-(endo-&methy1-8-azabicyclo[3.2.1]oct-3-y1> 
l,2,4,5,4,7-hexahydrocyclohept[de&oquinolin-l-on~ 

2-(exo-S-methyl-8-azabicyclo[3.2.l]oct-3yl)- 
l,2,4,5,6,7-hexahydrocyclohept[de)isoquinolm-l+ne 

2-(endo-l-axabicyclo[3.3.l]oon-3-yl)-l,2,4,5,6,7-hex- 25 
abydrocyclobept[dc)iininolin-l-one; and 

2-(exo-l-azabicyclo[3.3.lJnon-3-yl)-I,2,4,5,6,7-hex- 
ahydrocyclohept[de]isoquinolm-lone. 

EXAMPLE 10 30 
(S>2-(1-Azabicyc1o[2.2.2]0&3-y1)-2,3,3a,4,5,6hexahy- 

dro-lH-benx[de]isoquinolin-l-one 
-l-he following is the preparation of a diastereomeric 

mixture of a compound of Formula I via Scheme I, Step 
3 in which 

35 

the optional bond is absent; 
nis2; 
p,qanduare@and 
R3 is I-azabicyclo[2.2.2)oct-3-y]. 
(S)-2-(l-azabicyclo[2.2.2Joct-3-y1)-2,4,S,6tetrahy- 40 

drobenz[de]isoquinolm-l-one (0.32 g, 1.1 mmol), pre- 
pared as in Example 3, in acetic acid (5 mL, containing 
3 drops of 70% perchloric acid) was reduced with 20% 
palladium hydroxide on carbon (0.1 g) at 85” C. and 50 4~ 
psi for 24 hours. The catalyst was removed by filtration 
&d the ftitrate was con&rated under reduced pres- 
sure. The residue was dissolved in water (10 mL), basi- 
fied with ammonium hydroxide solution, and extracted 
with ethyl acetate. The ethyl acetate was dried over 
anhydrous potassium carbonate, filtered, and evapo- 
rated to give a diastereomeric mixture of (Q-2-(1- 
axabicyclo[2.2.2]oct-3-yl)-2,3,3q4,S,6-hexahydro-lH- 
benx[de]isquinolii-1 -one (0.18 g 0.60 mmol) as a semi- 
solid. Crystalllltion from a mixture of ethauofic hydro- 
chloric acid, isopropanol, and ether gave 0.8 g of the 
hydrochloride salt as white crystals; m.p.>270* C. 
Anal.: Cal&. for CtaHt&O.HCl.O.tS HzO: C, 67.64; 
H, 7.62; N, 8.30%. Found: C, 67.38; I-I, 7.70; N, 8.100/c. 

Proceeding as in Example 10 other compounds of 
Formula I wherein the optional bond is absent can be 
prepared. 

EXAMPLE11 - 
2-(l-Axabicyclo[2.2.2Joct-3Syl>2,3,3aS,4,S,6-lmxahy- 

dro-lH-benx[de)isoquinolin-l-one 
The following is the preparation of a single diastereo 

mer of Formula I in which 

so 

55 
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Recrystalliition of the 70/30% mixture from ethyl 
alcohol (100 mL) gave a diastercomeric mixture of 94% 
A and 6% B (6.24 g, 20.9 mmol), [a]fl -89.8’ (c=O.3, 
H20). 

Recrystallization of the 9416% mixture from ethyl 
alcohol gave a disastereomeric mixture of 98.9% A and 
1.1% B (4.58 g, 15.4 mmol), m.p. 296’-297’ C, [a]$ 
-98.9’ (c=O.53, H20). 

EXAMPLE 12 
(S)-2-(l-Azabicyclo[22.2)oct-3-yl)-2,4,5, 

lH-benx[de]isoquinolin-l-one N-oxide 
The following is the preparation of a compound of 

Formula I via Scheme I, Step 3 in which 
the optional bond is present: 
nisz 
u is 1; 
bothpandqareQand 
Rs is I-axabicyclo[2.2.2]oct-3-yl. 
m-Chloroperoxybenxoic acid (0.82g, 4.7 mmol) was 

added in small portions at 0’ C. to a solution of (S)-2-(1- 
axabicyclo[2.2.2Joct-3yl>2,4,S,6-tetrahydro-l-benz- 
[de]isoquinolin-l-one, prepared as in Example 7, (1.16 g, 
3.9 mmol) in dicbloromcthane (So mL). -l-he reaction - 
mixture was stirred for additional OS hour at 0’ C. ‘l-he 
solvent was removed under reduced pressure. Purifi~- 
tion of the realdue by column chromatography (10% 
methanol in dichloromethane and 1% ammonium hy- 
droxide) gave the N-oxide of (S)-2-(X-arabicyclo- 
[2.2.2]oct-3-yl)-2,4,S,6-tetrahydro-lH-benx- 
[de$soqninolin-lone (0.75 g; 62% yield) as an amor- 
phous solid; m.p. 73’-75’ C - 

Proceeding as in Exampk 10, other compounds of 
Formula I wherein u is 1 are prepared. 

EXAMPLE 13 
-I-he following arc representative- pharmaceutical 

formulations containing a compound of Fonnnla I. 

ORAL l=OlWULATIUN 
A representative solution for oral adminhtration con- 

t&S: 

CcmpMlod of FomS 1 10sMlal mg 
Citric Acid Mono bydnu 1M ms 
f4cdiam HydrMide 
FlrvoDliDg 

I8 mg 

W*tn 
w- 

lo 100 ml 
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INTRAVENOUS FORMULATION 

@I&$. Compounds of Formula I exhii S-I-II-3 reap- 
tor binding affinity, i.e., pI& values greater than 6. 

A~fi5presentative solution for intravenous administra- 
tion comain5: EXAMPLE 15 

-5 S-HT3 Receptor Antagonist Assay (Van Bezold-Saris& 

TABLET FORMULATION 
A representative tablet form of a compound of For- 

mula I may contain: 

Compound of Fomlsl I 1% 
McmcrylulliDc allldae 73% 
l3laricAcid 23% 
col)oi~ silica 1% 

EXAMPLE 14 
5-HT3 Receptor Binding Assay 

The following describes an in vitro assay for deter- 
mining the S-HTs receptor biding affinity of com- 
pounds of Formula I. The method is essentially that 
described by Kilpatrick et al.. previously cited, which 
measures the affinity for WIT3 receptors of the rat 
cerebral cortex radiolabelled with [3H)quipaxinc. 

Membranes are prepared from the cerebral wrtices 
of rat brains homogenixed in 50 m.M Tris buffer (PH 7.4 
at 4’ C.) using a Polytron PI0 tissue disrupter (setting 
10,2X 10 set bursts). The homogenate is ccntrifugcd at 
SS,OCXJxg for 12 min and the pellet obtained is washed, 
by resuspension and centrifugation, three times in ho- 
mogenixing buffer. The tissue pellets are resuspended in 
the assay buffer, and arc stored under liquid nitrogen 
until required. 

‘Ibe binding assays arc conducted using a This-Krebs 
assay buffer of the following composition (t&f): N&l, 
154; KCl, 5.4; KH2PO4, 1.2; CaCl23H20.2.5; MgCl2, 
1 .O; glucose, I 1; Tris, IO. Assays are conducted at 25’ C. 
at 7.4 in a final volume of 0.25 ml. Zacopride (1.0 mhi) 
is used todefme the non-specific binding (NSB). MIT3 
receptors present in rat cortical membranes are labclled 

Reflex) 

The following describes an in vivo method for deter- 
mining the 5-HT3 antagonist activity of compounds of 
Formula I. The method is a mod&d version of that 

‘* described by Butler et al., Cohen et al., and Foxard, all 

IS 
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Vebkte or test compound is admimstered intrave- 
nously or intraduodcnally and subsequent challenges to 
2-m-S-HT are administered at 5, 15, 30, 60, 120, 180, 
240,300 and, in some iustances, 360,420 and 460 min. 40 

45 

previously cittd, in which the S-HT3 selective agonist 
2-methyl-S-hydroxytiyptamine (2-m-S-H-D is substi- 
tutcd for S-I-IT. 

Male Sprague-Dawley rats, 250-380 grams, ate anes- 
tbetixed with urethane (1.4 g/kg, i.p.). A tmchcotomy is 
performed and a tube is inserted into the trachea to 
facilitate respirstion. 3ugular and femoral veins tsre 
canulatcd for intravenous administration of drug. The 
duodenum is mmulatcd for intradurxlenal administration 
of drug. Heart rate is monitored by Gould ECG/Bi- 
otcch amplifiers. After at least a 30 min equihiration 
period and prior to administration of test compound, 
control rsponses to intravenous administration of 2-m- 
S-I-IT are determined and a minimal dose producing 
sufficient and consistent bradycardia is chosen 

Potmcy 
Intravenous challenges to 2-m-5-H-I are administered 

every 12 minutes. Either vehicle or test compound is 
rahiniaered intravenously 5 minutes before each &al- 
lenge to 2-m-5-H-I. Each successive administration of 
test compound is increased in dosage until responses to 
2-m-5.HT are blocked. 

Duration 

utes p0B.t dose 
For both potency and duration studies baut rate 

(beats/mm) is recorded continuously for the duration of 
the study. Responses to 2-m-S-HT arc represented by 
the peak decreamin heart rate. Effects of test com- 
pounds are reprcscnted es percent inhibition of the 
bradycardia induced by 2-m&HT. Data are analyxed 
by a one-way rcpcatcd measures ANOVA and followed 
by p&wise comparison to vehicle control using Fiih- - -- - 

using 0.3-0.7 nhi [Wjquipaxine (spccillc 8ctivity SO-66 5. ix’s LSD strategy. From a dose-response curve so con- 
Ciimmok New Englsnd Nuclear) iri the presence of 0. I strutted, an IDx, value is obtained to represent the dose 
mhl psroxetine to prevent [sHjquiparine binding to that inhibited 50% of the bradycardia induced by 2-m- 
S-HT uptake sites. The rat cortex membranes are incu- 5HT. 
bated with f3I-IJquipaxine in the presence of 10 diierat 
concentrations of test compound mnging from 55 EXAMPLE 16 

1 x 10-l* to 1 X IO-4 molar. Incubations are conducted Ferret, Anti-Emesis Assay 
for 45 min at 25’ C. and are terminated by vacuum 
filtration over Wbatman GF/B glass fiber filtersusing a 

The following dcscrii the procedure for detemtin- 

Brandel48 well cell harvester. After fdtration the fdtcrs 
ing the intmvenous (i-v.} effects of compounds of For- 

are washed for 8 set with O.lM NaCl. The filters are 60 
mula I on cisplatin-induced emesis in ferrctx. 

Adult, male, wstmted ferrets are allowed food and 
pretreated with 0.3% polyethyleneimine 18 hr prior to 
use in order to reduce filter binding of the radioligand. 

water ad hiitum both prior to and throughout the test- 
ing period. Each 8nimal is randomly chosen and anes- 

Radioactivity retained on the filters is determined by thetixed with a metofane/oxygen mix- weighed and 
liquid scintillation counting. assigned to one of three test groups. while Mesthetixed 

The concentration of test compound producing 50% 65 an incision is made along the ventral cervical region 
inhibition of radioligand binding is determined by an approximately two to four centimeters in length. The 
iterative curve fitting procedure. Affinities are cx- jugular vein is then isolated and camxnlated with a 
pressed as the negative logarithm of the ICse vabte capped saline ftlled PESO polyethylene tubing. The 
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cannula is exteriorized at the base of the skull and the 
incision closed with wound chps. The animals are then 
returaed to their cages and allowed to recover from 
anesthesia prior to commencemmt of the study. 

St. Louis, MO.), 8 g of powdered confectioners sugar, 8 
g of cornstarch, and 1 g of powdered charcoal. Each 
ingredient is added slowly and mixed thoroughly result- 
ing in approximately 325 ml of a dark gray to black, 
bomogmous paste. The meal is thm refrigerated over- 
night during which time trapped air escapes. Prior to 
the assay the meal is removed from the refrigerator and 
allowed to warm to rcom temperature. 

Vehicle or test compound is administered i.v. at 1.0 
ml/kg and 1 .O m@cg, respectively. W&him 2.0 minutes 
of the administration of vehicle or test compound, cis- 
platin is injected i.v. at 1.0 mg/kg. The animals are thm 
observed continuously for a 5 hour period and emetic 
responses (i.e.. vomiting and/or retching) are recorded. 
For purposes of this example and that of Example 11, 
vomiting is defined as the suCCCSSfUl evacuation of 
stomach contents and a single episode of retching is 
defined as rapid and successive efforts to vomit occur- 
ring within a one minute time period. 

Emetic responses are represented as (1) time to onset 
of em&, (2) total vomiting episodes and (3) total retch- 
ing episodes. Means and standard deviations of the teat 
groups are compared to those of the reference groups. 
Significance is determined by Student’s t-test when 2. 
comparing a single treatment group to the vehicle con- 
trol or by Dunnett’s comparative analysis when more 
than one treatment group is compared to a single vehi- 
Ck. 

Proceeding as in Example 8 but administering the teat 25 
compounds by oral route, the ant&m& efI’ects of 
compounds of Formula I may be evaluated. 

EXAMPLE 17 
Dog. Anti-Em&s Assay 30 

The following describes the procedure for determin- 
ing the intravenous (iv.) effects of compounds of For- 
mula I on cisplatin-induced em&s in dogs. 

Male and female dogs (6-15 kg) are fed one cup of 
dry dog food. One hour following feeding, cisplatin 35 
(cis-diamminedichloroplatinum) is administered i.v. at 3 
m&kg. Sixty minutes after the administration of cispla- 
tin, tither vehicle or test compound is injected i.v. at 0.1 
ml/kg and 1.0 mg/kg, respectively. The dogs are then 
observed continuously for a 5 hour period and the 40 
emetic responses (i.e., vomiting and/or retching) are 
recorded. 

Emetic responses are represented as (1) time to onset 
of em&s, (2) total vomiting episodes and (3) total retch- 
ing episodes. Means and standard deviations of the test 45 
groups are compared to those of the reference groups. 
Significance is determined by Student’s t-test when 
comparing a single treatment group to the vehicle con- 
trol or by Dunnett’s comparative analysis when more 
than one treatment group is compared to a single vehi- M 
cle. 

EXAMPLE 18 
Rokinetic Assay 

The following de&i an in vivo method of deter- 55 
mining the prokinetic activity of the compounds of 
Formula I by m wsuring the rate of gastric emptying of 
test meal in rats. The method is that descrii by Drop 
plcman et aL, previously cited. 

Test meal is-prepared by slowly addmg 20 grams of 60 
celldose gum (Hercules Inc., Wilmington, Del.) to 200 
ml of cold distibed water that is being mixed in a War- 
ing blender at approximately 20,tXXt -&m. Mixing con- 
tinues until complete dispersion and hydration of the 
cellulose gum takes place (approximately 5 min). Three 65 
beef bouillon cubes are dissolved in 100 ml of warm 
water and then blended into the cellulose solution fol- 
lowed by 16 g of purifkd casein (Sigma Chemical Co., 

32 

Mature (170 to 204 g) male Sprague-Dawley rats are 
deprived of food for 24 hours with water ad hbitum. On 
the morning of the study each animal is weighed and 
randomly assigned to treatment groups consisting of ten 
animals per group. Each rat receives either vehicle, teat 
compound or the refermce standard metoclopramide 
by intraperitoneal injection. At 0.5 hours post injection 
3.OmloftutmealisoraUyadmiuisteredtoeachrat 
with a 5.0 ml disposable syringe. Five tst meal samples 
are weighed on an analytical balance and these weights 
are averaged to find a mean tat meal weight. At 1.5 
hours post injection each rat is aacrificcd by carbon 
dioxide asphyxiation and the stomach is removed by 
opening the abdomen and carefully clamping and cut- 
ting the esophagus just below the pyloric sphincter. 
Taking care not to lose any of the its contents, each 
stomach is placed on a small, pre-weighed and corre- 
spondingly labeled 7 ml weigh boat and immediately 
weighed on an analytical balance. Each stomach is then 
cut open along the lesser curvatnr~ rinsed with tap 
water, gently blotted dry to remove excess moisture 
and weighed. The amount of test meal remaining in the 
stomach is represented by the differmcc between the 
weight of the full stomach and the weight of the atom- 
ach empty. The diiermce between the amount of test 
meal remainin g and the mean test meal weight repre- 
sents the quantity of test meal that empties during the 
1.5 hour post injection period. 

Responses are represented as grams of meal emptied 
or percent change from control. Means and standard 
deviations of the test groups are compared to those of 
the reference groups. Significance is determined via 
Dunn&s t-teat (Statistical Associition Journal, De- 
cember 1955, 1096112). 

EXAMPLE 19 
Anxiolytic Behavior Assay 

The following deacrii an in viva method for dcter- 
mining anxiolytic activity of compounds of Formula I. 

Naive male CM/61 mice, 18-u) g, are kept in 
groups of 10 mice in quarters controlkd for sound, 
temperatnre and humidity. Food and water are avail- 
able ad hbitum. The mice are kept on a 12 hour light and 
12 hour dark cycle, with lights on at 6Nt am. and offat 
6~00 p.m. AU experimenta begin at least 7 days after 
artival on site. 

The automated apparatus for detecting changes in 
exploration is obtained from Dmnl-Tech Electronics 
Cohrmbus Ohio and ia similar to that of Crawley and 
Goodwin (1980). as descrii in ICilfoil et aL, cited 
previously. &i&y, the chamber con&a of a plexiglass 
box(44X21 XZ!cm),dividediatotwochrmbmbya 
black pkxiglam pat&ion. The partition dividing the 
two chambers contains a 13~s cm opening through 
which the mouse can easily pass. The dark chamber haa 
clear sides and a white Soor. A fluorescent tube light 
(40 watt) placed above the chambetx provides the only 
ilhtmination. The Digiscan Animal Activity Monitor 
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System RXYZCh416 @m&Tech Electronics) records 
tbe exploratory activity of the mice within the test 
cbambem. 

P&r to commencement of the study the mice are 
given 60 mm to acchmatixe to the laboratory environ- 5 
meat. After a mouse receives an intraperitoneal (i.p.) 
injection of either test compound or vehicle it is re- 
turned to its home cage for a I5 min post-treatment 
period. The mouse is then placed in the center of tbe 
tight chamber and monitored for IO minutes. 10 

Anxiolysis is seen as a general increase in exploratory 
activity in the lighted area, An increase in exploratory 
activity is rehted by inoreaaed latency (the time for the 
mouse to move to the dark chamber when fi placed in 
the center of the tigbted area), increase in shuttle activ- 15 
ity, increased or unaltered Iocomotor activity (number 
of grid lines crossed) and decreased time spent in the 
dark compartment. 

EXAMPLE 20 
Withdrawal Anxiety Assay 

partment test area over a 3 day period. Tbe young mice 
habituate to the test area by day 3 and spend Iess time 
exploring the lighted arca, whereas expIoratory activity 
in the lighted area remains constant through day 3 for 
the aged mice. Exploratory activity is seen as latency 
(the time for tbe mouse to move to the dark &amber 
when first placed in the center of the lighted area), 
locomotor activity (number of gtid lines crossed), num- 
ber of rears and time spent in the lighted compartment. 
Vehicle or test compamds are zdmhistercd to the aged 
mice by intraperitoneal injection, Cognitive e&arming 
effects iu the aged rats are re&cted by a decrease in 
exploratory activity by day 3. 

We claim: 
1. A compound of Formula I 

/ 

mice are kept on a 12 hour bgbt cycie and 12 hour dark 
cvcle. with linbts on at 690 am. and off at 6:oO o.m. AlI 30 
k&er&ents &&I ht least 7 days after arrival on site. 

‘Ihe following procedure describes a method to de- 

Levels of anxiety are determined by the two-com- 

termine whether compounds of Formula I effect the, 

partment exploratory model of Crawley and Goodwin 

anxiety that occurs 

(see Example 11). Anxiolysis is seen as a generaJ in- 
crease in exploratory activity in the lighted area An 

after abruptly ceasing chronic treat- 
mtnt with drugs of abuse. 

incrcasc in exploratory activity is relccted by increased 
iatency (the time for the mouse to move to the dark 

25 

chamber when fsrst placed in tbe Center of the iigbted 

Naive male BKW mice (25-U) g) are caged in groups 
of ten in quarters controlled for sound, temperature and 

area), increased or unattered locomotor activity (num- 
ber of grid lines crossed), increased number of rears and 

humidity. Foad and water are available ad libitum. Tbe 

decreased time spent in tbe dark compartment. 

the dashed line denote an optional double bond; 
nis1,2or3; 
p is 0, 1.2 or 3; 
q is 0, I or 2; 

in which 
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each R* is independently selected from halogen, hy- 
droxy, lower alkoxy, lower alkyd, nitro, amino, 
amino carbonyl, (lower alky&mino. di(lower al- 
kyl)amino, and (lower a&auoyl)amino; 

each Rxis lower alkyl; and 
Rs is a group selected from Formulae (a), (b), (c) and 

(d): 

Increased exploratory activity in the lighted area is 
induced by treating the mice for 14 days with ethanol 
(8.0 % w/v in dkking water), nicotine (0.1 mg/kg, i.p., 
twice daily), diazepam (IO.0 mgflrg, i.p., twice daily) or 
cocaine (1.0 mg/kg, ip., twice daily). Anxiolysis is 
assessed 1,3,7 and 14 days after commencement of the 
drug regime. Tbe treatment is abruptly ceased and ex- 
ploratory activity in the lighted area is determined 8,24 
and 48 hours thereafter. Vehicle or test compounds are 
administered during the withdraw1 phase by intraperi- 
toneal injection. ResponKs are represented as iubiiition 
of tbe decrease in anxiolytic behavior after the ethanol, 
cocaiae, diazepam or nicotine treatment is ceased. 

EXAMPLE 21 
cognitive Enhancement Assay 

The following describes a model to determiue tbc 
cognitive enhancing effects of compounds of Formula I. 

Young adult and aged BKW mice are caged in groups 
of ten in quarters controlled for sound temperature and 
bumiditv. Food and water are available ad lib&mu. The 
mice a6 kept on a 12 hour light cycle and 12 hour dark 
cycle, with Sights on at 6QO am. and off at 6zCKI p.m. All 
experiments begin at least 7 days after arrival on site. 65 

Levels of anxiety are determined by the tw+wm- 

I 

in which partment exploratory model of Crawley and Goodwin 
(see Example 11). Mice are expmd to the hvocom- uisOor 1; 
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z is I,2 or 3; and 
R’ is Cl-7 alkyd, Crs cycloalkyl, CM cychralkyl-Ct.2 
. .gllryl, or a group (CR&R5 where t is 1 or 2 and Rs 

i8 tbhwt. ~vrro~vl. or fwl. each ootiotiy fur- 
ther sudsti&d by one or two substiticnts sciectcd 
from Cl-6 alkyl, Ct.6 alkoxy, trifluoromcthyl or 
halogen, or is pbenyl optionally substiMed by one 
or two substitucnts selected from CM alkoxy, tri- 
fluoromethyI, halogen, n&o, carboxy, csterified 
carboxy. and Cl,, alkyl optionally substituted by 
hydroxy, Cl4 alkoxy, carboxy, aterified carboxy 
or in viva hydrolyzable acyloxy; the pharmaccuti- 
tally acceptable salts, individual isomers, or mix- 
tures of isomers thereof. 

2. A compound of claim I in which both q and u are 
0. p is 0, 1 or 2, each R’ is independently selected from 
halogen, lower alkoxy or amino and R4 is lower alkyl. 

3.Awmpoundofclaim2iuwhichpisO,andR4is 
methyl. 

4. A compound of claim 3 in which R3 is one of the 
following groups: 

I-axabicyclo[2.2.2]oct-3-yl; 
I-axabicyclo-[2.2.2]oct4yl; 
endo-9-methyl-9-axabicyclo[3.3. I Jrton-2yk 
exo-9-methyl-9-axabicyclo[3.3.I]non-fyl; 25 
endo-8-methyl-8-axabicycIo[3.2.l]octJ-ylg 
exo-8-methyl-8-azabicyclo[3.2.l]ocl-3-yk 
endo-l-axabicyclo[3.3.l]non~yl; or 
txo-1-axabicyclo[3.3.I]non4yl. 
5. A compound of claim 4 in which the optional bond 30 

is present. 
6.AwmpoundofclaimSinwhichnisl. 
7. A compound of c1ai.m 6 in which R3 is I-axabicy- 

clo[2.2.2]oct-3-yl, namely 2-(1-azabicyclo[2.2.2Joct-3- 35 
yl)-l,2,4,5-tctrahydrocyclopcnt~de]isoquinolin-l-onc or 
n pharmaceutically acceptable salt thereof. 

3. A compound-of cla& 7 which is (S)-2-(1-axabicy- 
clo[2.2.2]oct-3-yI)-1,2,4,5-tetrahydrocyclopcnta[- 
delisooninohn-l-one or a pharmaceutically acceptable 40 
sait U&of. 

_ _ 

9. A compound of claim 8 which is (S)d-(l-axabicy- 
clo[2.2-2]oct-3-yl)-1,2,4,S-tctrahydrocyclopcnta~- 
dcjisoquinohn-l-one hydrochloride. 

10. A wmpouud of claim 6 in which Rsis S-methyl& 
axabicydo[3.2.I]oct-Eyl, namely, 2-(8-methyl-8- 
axabicyclo[3.2.1 J-o&3-yl)-1,2,4,5-tctrahydro- 
cyclopcnt[de]isoquinolin-l-one or a pharmaceutically 
acceptable salt thereof. 

11. A compound of claim 10 which is 2-(cndo-t-metb- 
yl-8-axabicyclo[3.2.1 Joct-3-yl)-1,2,4,5-ttrahydro- 
cyclopcnt[dejisoquinolin-l-one or a pharmaceutically 
acceptable salt thereof. 

12. A compound of claim 11 which is 2-(cndo8-meth- 
yl-8-axabicyclo[3.2.l]-oct-3-yl)-l.2,4,5-tetrahydto- 
cyclopent[de]isoquinolin-lene hydrochloride. 

13. A compound of claim 3 in which D is 2. 
14. A compound of claim 13 in which R3i.s l-azabicy- 

clo[2.2.2]oct-3-y& namely 2-(1-axabicyclo[2.2.2]oct-3- 
y~~4,5,atetrahydro-1H-bcnz[de~~~-l~ne or 
a pharmaceutically acceptable salt thereof. 

fs. A wmpound of claim 14 which is (S)-Z-(1- 
arabicyclo[222]oct-3-yl j2,4,5,6-tetrahydro-lH-bcnx- 
[de)isoquindm-l-one or a pharmaceutically acceptable 
salt thereof. 

M. A wmpound of claim IS which is (S)-2-(1- 
axabicyclo[2.2.2]oct-Lyl)-2,4,5,6-tctrahydro-lH-benx- 
[de]iuinolin-l-one hydrochloride. 
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17. A compound of claim 14 which is (R)-2-(1- 
rzabicrclo[23qoct-3-ylt2h5,6ttuahydro-lH-bcnz- 
@$iji~uir~liu-lo or a pharmaceutically acceptable 

18. A compound of claim 17 which is (R)-2-(1- 
axabicyclo[2.2.2]oct-3-yl)-2,4,5,6-tctrahydro-lH-benx- 
[de]isoquinohn-l-one or hydrochloride. 

19. A compound ofclaim 13 in which R3is I-rzabicy- 
clo[2.2.2]oot4yl, namely 2x1-arabicyclo[2.2.2]oct4 
yl)2,4,5,6-tetrabydrlH-bcrz[de]isoquinoiiu-1-e or 
a pharmaceutically acceptable salt thereof. 

20. A compound of claim 13 in which Rx is mdo-9- 
methyl-9-axabicyclo~3.3.lJnon-3-yl, namely 2-(cndo-9- 
methyl-9-asabicyclof3.3.l]non-3-y~)-2,4,5,6-tetrahydro- 
IH-bcnx~de)j-loue. 

2L A wmpound of claim 13 in which Rsis 8-methyl- 
8-~bicyclo[33.l]oct-3-yI, namely 2-(8-methyl-8- 
ax.abicyclo[3.2.ljorzt-3-yl)-2,4,5,&&ahydro-1H-benx- 
[de]isoquinolin-l-one or a pb armawutically aoceptable 
salt therwfl 

22. A compound of claim 2l which is 2-(cndo-8-m&- 
yl&uabicyclo~3.2.l)oct-3-yI)-2,4,5,6-tetrahydro-1H- 
bcnx[dcJisoquinoSirt-lone or a pharmaceutically accept- 
able salt thereof. 

23. A wmpound of claim 21 which is 2-(cxo-&me& 
yl-8-azabicyc~o[3.2.1]oct-3-yl)-2,4,5,6-tlH- 
bcnx[deJiiuinolin-l-one or a pharmace uticasly Ic- 
ceptablc salt thereof. 

24. A compound of claim 13 in which RJ is endo-l- 
axabicyclo[3.3.1]non4yl, namely 2-(cndo+axabicy- 
clo[3.3.l]non4yl)-2,3,5,6-tctrahydro-lH-benx- 
[dc]isoquhrolin-l-one or a pharmaceutically acceptable 
salt thereof. 

25. A compound of claim 5 in which IL is 3. 
26. The compound of claim 25 in which R3 is l- 

azabicycloI2.2.2]oct-3-y], namely 2-(1-axabicyclo[2.2.- 
2Joct-3-yl>l,2,4,5,6,7-bexahydrocyclobcpt- 
[dc]isoquinolin-l-one or a pharmaceutically acoeptablt 
salt thereof. 

27. A wmpound of claim 4 in which the optional 
bond is absent- 

2.8.AwmpouudofclaimZ7in&icbnis1. 
29. A compound of claim 27 in which n is 2. 
30. A compound of claim 29 in which R3 is I+abicy- 

cIo[2.2.2]oct-3-yl, namely 2-(1-azabicych+[2.2.2)c&E 
y~>2.3,3a,4,5,~hexabydro-lH-bcnz~de]iwquinolin- 
f-one. 

31. A compound of claim 30 which is 2-(l-axabicyclo- 
[23.2]oct-3S-yl)-2,3,3aS,4,5,6-bcxahydro-lH-&nx- 
[de]isoquinolin-lone or a pharmaccuti&y acceptable 
salt thereof. 

32. A compound of claim 31 ~hichis 2-(l-axabicydo- 
[2.2.2]oct-3S-yQ-2,3,3aS,4,5,6-hcxahydr~IH-benx- 
[de&soquinolin-l-one hydrochloride. - - 

33. A wmpound of ciaim 30 which is 2+axabicy&- 
[2.2.2]oct-3S-yl)-2,3,3aR,4,5,6-bexahydro-1H-bcnx- 
[de]iuinolin-1-e or a pharmaccuticaily acceptable 
ml1 thereof. 

34. A compound of claim 33 which is 2-(l-azabicyclo- 
~2.2.2loct-3S-yl~2~3.3aR4.5.6-hcxahy~lH-hurx- 
~de]isoquinol&l&e byd&&lorid~ 

35. A compound of chum 30 which is 2-(f-axabicy&-’ 
[2.2.2]oct-3R-yl)-23,3aS,4,5,6-hcxahydro-LH-bcnx- 
~de)koquinolin- I-one a pbammccuticaUy -table salt 
thereof. 

36. A compound of claim 35 which is2-(1-axabicycb 
[22.2]oct-3R-yl)-2,3,3aS,4,S,6-bcxahydro-lH-bcnz- 
[de]isoquinolin-l-one hydrochloride. 
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43. A method of Claim k-in which the condition is 
pain. 

37. A compound of claim 30 which is Z-(1-azabicyclo- 
[2.2.2]oct-3R-y1>23,3aR,4,5,6. -hexahydro-IH-benz- 
[dk&oquinolin-I-one or a pharmaceutically acceptable 
salt thereof. 

38. A compound of claim 37 which is 2-(1-azabicycle 
[2.2.2]oct-3R-y1>2,3,3aR,4,5,6-hexabydro-lH-benz- 
[de&oquinolin-l-one hydrochloride. 

39. A compound of claim 27 in which n is 3. 
40. A pharmaceutical composition for treating a cun- 

dition cbosa from emesis, a gastrointestinal disorder 
treatable with prokinetic agents, anxiety/depressive 
state, and pain, which composition comprises a &era- 
peutkally effective amount of a compound of claim 1 in 
combiiation with a pharmaceutically acceptable au- 
tier. 

41. A method for treating a condition chosen from 
emcsis, a gastrointestinal disorder treatable with proki- 
netic agents, anxiety/depressive state, and pain in an 
animal in need of such treatment, which method com- 
prises administering a therapeutically effective amount 
of a compound of claim 1 to such animal. 

42. A method of claim 41 in which the condition is a 
gastrointestinal disorder treatable with prokinetic 
agents. 
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U. A method of claim 41 in which the condition is 
anxiety/depressive state. 

45. A method of claim U in which the condition is 
the side effects caused by withdrawal from an addictive 
SUbStance. 

46. A method of claim 41 in which the coadition is 
em&. 

47. A method of claim 46 in w&h the condition is 
emsis in humans undergoing cauczr jreatment with a 
cytotoxic phfumaceutic8l agent or radiation at ievels 
sufficient to induce em&, or recovering from surgical 
anestlmia or undergoing drug therapy in general in 
which a signifmt side effect is cmcsis. 

48. A metbod of claim 47 in which the compound is 
(S)-2-(1-azabicyc10(2.2]oct-3-y1)-2,4,5,&.&&y&o- 
IH-beuz~defisoquinolin-l-one or a phnrmaceutically 
acceptable salt thereof. 

49. A method of claim 47 in which the compound is 
2-(3S-l-azabiickk[2.2.2]oct-3-yl-~3,3aS,4,5,6-hex&y- 
dro-lH-benz[dc]iuinolin-I-one or a pharmaceuti- 
cally akptable salt thereof. 

SO. A xnetbod of claim 42 in which the compound is 
(S)-2-(1-azabicycloI22.2~t-~yl~%4,5,~~~yd~ 
XH-benz[de]isoquinolm-l-one. 
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